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This month’s cover 
Ray Wardell tells us on page 47 
that Canada’s copper is refined by 
the electrolytic process—which pro- 
duces metal of very high purity. 
We don’t know how pure you 
would say this month’s cover is, 
but in any case, it represents the 
copper-refining chemical reaction. 
John Bellinger, a Maclean-Hunter- 
ite did the art work. 
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Metalwork among the monkeys 

In 1940 Queen’s University graduated a 
metallurgist called Walter H. Irwin. To- 
day he is vp of Canada Metal Co., Ltd., 
and contributed “Forging is easy with 
hot-pressed brass”. During the interven- 
ing period he installed a process for 
making brass cartridge cases in Oshawa 
and operated a jungle foundry in Mada- 
gascar for the RCN. He is now married 
and lives in unjunglelike Lorne Park 
where, we are happy to report, he is 
very active in community affairs. 


Man of many metals and medals 

John Allan, who wrote “Initial design dic- 
tates final quality” for us, knows his 
metals. He served his apprenticeship on 
all phases of bronze, aluminum and gray 
iron founding in Scotland. He knows the 
metals that go into medals, too. In Scot- 
land he won both the Surtees gold and 
silver medals. Allan has been in Canada 
since 1948 and is now vp and general 
manager of St. Catharines Brass Works 
Ltd. More medals for his collection 
have come from his hobby of ballroom 
dancing. His favorite partner? His wife, 
of course. 


It took two to write this one 

Two young engineers got together to 
produce “Selection of tube elements.” 
Gerald Fenwick, prairie-born but no 
farmer, he says, is a mechanical engi- 
neering graduate of U. of Saskatchewan. 
He moved to his present company, Unifin 
Tube Co., in 1956 as chief engineer, in 
charge of production and engineering in 


* 1957. Fenwick is married and has two 


children. 

Co-author Roger B. Stotts is also the 
father of two children. At present he’s 
with Wolverine Tube and in the last 
year has developed a new extrusion man- 


Wardell 


drel for the company’s large size base 
tubing. He has also worked for ALCAN 
and the “Three Ms”. Stotts graduated in 
1953 from Queen’s University in metal- 
lurgical engineering. 


Found no fringe benefits in brewery 

G. N. Thomas who sent us “For handling 
corrosives — it’s copper” is a product 
of the British Institute of Engineering 
Technology. His experience includes 
work on brewery and distillation plants 
but he complains that his job was usually 
done before they started to pump the 
good stuff through. He came to Canada 
in 1950 and has been with Canadian 
Vickers ever since. Thomas is married, 
has two children, fishes for recreation. 


Mr. Copper and Brass himself 

The man we got to prepare “Physical 
Properties of Copper” could almost be 
described as Mr. Copper and Brass him- 
self. He’s Ray Wardell, manager of the 
Canadian Copper and Brass Develop- 
ment Association. Now a Canadian 
citizen, he comes from England where, 
in 1940, he won the national award for 
highest marks in copper theory and 
practice. After RAF service (bomber 
pilot in Burma) he was with the Copper 
Development Association. Came to Can- 
ada in 1948 and spent 10 years in the 
west. Now makes his home in Toronto. 


He knows the ways of wire 

Keith Alexander, who wrote “Copper is 
ideal electrical conductor,” now enters 
the ninth year of his romance with wire. 
He graduated from the University of 
Toronto in 1951, in ceramic engineering, 
and has been working with Canada Wire 
& Cable Co., Ltd., ever since — first 
as a chemical engineer, currently as 
magnet wire engineer. 


Allan and wife 
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Direct reading spectrometer con- 
trols the quality of extrusion billets. 


Tensile testing machine. ‘Samples Straightening, marking, cutting to length and calling are combined 
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production run. quality. 
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For further information mark No. 164 on Readers’ Service Card 


DESIGN ENGINEERING MARCH 1960 





A news roundup of items of engineering 
and design interest from the world over 


ooo eco 


Designer’s spin takes prize in founders’ contest 


This swirl of steel is a winner and the proud fellow showing it 
off is the man who took the prize home. He’s Joseph D. Walls, 
chief design engineer of spiraxial® compressors for Roots- 
Connersville Blower. He took second place in the Gray Iron 
Founders Inc. 1959 design contest. His entry was a redesign of 
spiraxial® rotors to achieve 41 percent greater displacement 
with a 29 percent reduction in cost. The former design had 
forged steel shafts on which were pressed ductile iron rotors. 
The new unit has integrally cast rotors and shafts that permit 
smaller hub diameters and correspondingly larger outside dia- 
meters in the same cylinder. The result is a reduction in material 
cost, less machining and shorter assembly time. 


Sensitive secret to probe the North 


This instrument is going to take a close look at Canada’s North. 
But first it is going to demonstrate its capabilities in countries 
around the world. Name of the little fellow is the Lundberg 
Gradiometer. It’s the first airborne gravity gradiometer in the 
world and was invented right here in Canada by Dr. Hans 
Lundberg. What’s inside? Dr. Lundberg knows, of course, but 
he’s not telling, though he’s quite happy to show how it works. 
What he will tell you is that basically his gradiometer is a 
sensitive electric balance composed of two substantially similar 
masses suspended on thin filaments, one above the other, with a 
variable condenser located near the masses. Masses change their 
position when flown over density differences. Electronic measure- 
ment of the changes identifies the densities. 


Zinc die-casting pins and connectors 


Here you see a selection of tiny taper pins and connectors. They 
are the product of an automatic zinc die casting technique 
developed by Gries Reproducer Corp. These particular connec- 
tors will go into Dictaphones but the applications are many and 
varied: computers, tape recorders, business machines. The units 
must generally be produced in complex shapes, thin cross sec- 
tions, close tolerances and in large volume. The die casting 
technique is said to meet these demands with maximum economy. 
Connector varieties produced by this method include double 
receptacles that allow connections to be made from either end, 
parts cast with predetermined breaking points, parts cast with 
rivet lugs for mounting separate fasteners and integrally cast 
bosses that keep receptacles in terminal boards. 


Yai ase: 


Joints in subs stub sleeping sailors’ toes 


This man is no clock-watcher. He’s hydrostatically testing Viton- 
lined neoprene expansion joints that are designed for use in 
U. S. Navy nuclear submarines. They are located in exhaust 
lines carrying turbine steam to condensers. Particular liner was 
specified because of its freedom from chlorine ions. A special 
binding process was developed by the Garlock Packing Co., to 
adhere the material to the carcass of the expansion joints. These 
are fabricated of neoprene in sizes that include 42 in. ID x 24 in. 
face-to-face and 26 in. ID x 24 in. face-to-face. They are asbestos 
reinforced with internal steel body rings. Now you know why 
sub sailors complain about small bunks — design engineers use 
up all the space. 
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Canadian teleprinter for world markets 


Hats off to Ronald G. Griffith, P.Eng of Montreal. He’s the 
man in the picture watching his brain-child at work. Smaller 
than most typewriters, the Griffith teleprinter weighs only 35 
pounds, occupies desk space of 12 x 17 in., and is only 10 in. 
high. The machine will transmit or receive 75 to 100 words per 
minute. Design incorporates a number of novel features, For 
instance, it can be used as a read-out device for electronic com- 
puters and similar machines, and it will back up during trans- 
mission in order to make corrections in transmitted telegraph 
copy. Originally planned for Canadian production (in fact, all 
tooling had been completed) the patent rights have now been 
sold to a U. S. company for world-wide marketing. 


The five young men inspecting the refrigeration system are 
architectural students. They are part of a group of forty students 
and faculty members from the School of Architecture, University 
of Toronto, that recently toured the new Toronto head office of 
Union Carbide Canada Ltd. The 11-story building is an archi- 
tectural showplace. It has a two-level substructure of reinforced 
concrete. Superstructure is said to have the longest clear-span, 
multi-story steel frame in the country. On the exterior projecting 
columns faced wi-h black granite, extend from the first floor to 
underside of roof. The curtain wall is constructed from floor to 
ceiling of double plate glass, framed in stainless steel. Between 
these windows are stainless steel spandrel panels. 


fis 


Off on a flight 


He feels like he’s flying but he isn’t. Nor will he in this cockpit. 
Boeing developed this flight simulator, integrated with their 
Electronic Analog Computer and equipment test mockup, to 
determine both dynamic and pilot reactions to critical manoeuvre 
conditions. Cockpit mockup includes standard control system 
and IFR flight ins:ruments, with oscilloscopic display showing 
horizon and runway for VFR flight simulation. Simulator is 
part of company’s mechanical equipment laboratories at Wichita, 
Kansas. These laboratories have integral environmental test 
equipment, recording instrumentation, ranging from direct writ- 
ing to complex multipoint automatic data systems, and a versatile 
analogue computing facility. 


Meet Mr and Mrs Huckleberry Finn and the three little Finns. 
As you can see they’ve found a way to beat both the heat and 
the high price of yachts. Raft consists of ten typewriter pack- 
ing cases lashed to a wooden frame. Hardly the best construc- 
tion for off-shore cruising but good enough for the local duck 
pond. Cases are made of foam polystyrene and are virtually un- 
sinkable, hence the confident smiles. Makers of the typewriter, 
Royal McBee Corp., don’t mind one little bit, in fact they offer 
the cases free at their sales offices. After all they’re getting some 
pretty good advertising out of it. Fifty years from now these 
same kids will be saying “Yes, I always use these typewriters. 
Remember a case I used to float around on back in ’60.” 


d and stapled, poor deer 


4 Pity the noble deer that suffers this indignity. Tracked in the 

4 woods he now is tacked in the taxidermists. Jonas Bros., of 
Denver, the largest taxidermists in the world, we are told, switch- 
ed from nails to staples in their operation and fastening speed, 
they say, has jumped 50 percent. For those interested in the 
process a clay model is first built up on a skeleton of wire and 
wood. From this a plaster cast is made and used as a mold for 
the final hollow form, called a manikin, that is made of laminat- 
ed paper. It is to this final form that the cured skin is attached. 
At the Jonas plant staples are used throughout the process. The 
tattoo on the man’s arm is not the badge of his trade. We gather 
it has something to do with the brand of cigarettes he smokes. 
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WITH BUILT-IN DEPENDABILITY, GREATER RUGGEDNESS 


Check the features that Wagner research and design engineers have 
incorporated in this specially designed 10 h.p. polyphase motor . . . many 
are exclusive to Wagner... ALL spell longer life, lower maintenance costs. 
The smaller, more compact frame is special formula cast-iron for added 
corrosion resistance. Foot construction is extra rugged and braced 
in two directions. One piece aluminum rotor is virtually indestructible. 
; Transverse greasing, revolutionary in itself, together with Lithium Base 
Transverse greasing cleans i ; = . aa 
out old grease puts in fresh grease assures efficient lubrication under any and all operating conditions. 
—longer bearing life! For standard motors heavy series S.K.F. ball 
bearings are used. Where extremely quiet 
operation is required, sleeve bearing construction 
is available. 
In addition to these new CEMA frames 254U 
and 256U, 7% and 10 h.p. ratings, Wagner also 
manufactures a complete range of h.p. and 
Blower blades form integral speed ratings in frames 56 to 256U. 
part of 1-piece rotor... 
permanently dynamically Ask your Wagner man... he knows! 


balanced. 
Efficient cooling with ribbed 
Wagener ELEC TRIG | my cmninaccr, 
totally enclosed fan-cooled, and 


HP2J explosion proof (shown 
Head Office: LEASIDE, ONTARIO below). 
Division of: : 
SANGAMO COMPANY LIMITED. 


PLANTS: LEASIDE, ONT. 
TROIS RIVIERES, P.Q. 


Sales Offices: 


Enti Sie d d TORONTO © MONTREAL 
ntire winding impregnate: WINNIPEG ® EDMONTON 


with Harvel moisture Also sold by 
resistant varnish. 4 Northern Electric Co. Limited 


Type CPJ and HPJ have a 
rugged fan guard which allows 
free air passage—keeps out 
foreign objects. 


RPJ—standard protected. 
New Wagner 256U and 
254U models are built 

to CEMA standards. 


“DESIGNED, ENGINEERED AND MANUFACTURED IN CANADA.” 
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WEATHERHEAD 


First in components 
for HYDRAULIC SYSTEMS 


Look at anything . . . anywhere in the world .. . in 
hydraulics, diesel power or machine tool applications . . . 
equipment for instrumentation, oil drilling, mining, road 
building, petro-chemicals or even atomic power .. . 
chances are the vital air and fluid lifelines are secured 


with WEATHERHEAD. my Tn 
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WEATHERHEAD _,, WEATHERHEAD 


FIRST IN HYDRAULIC CONNECTIONS and fitting line. 


1D-3-7 THE WEATHERHEAD COMPANY OF CANADA LIMITED Available coast-to-coast through 
ST. THOMAS, ONTARIO Weatherhead distributors. 
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Nuclear Research in Manitoba 


A site sixty miles from Winnipeg, Manitoba has been 
selected by Atomic Energy of Canada Limited for Can- 
ada’s second nuclear research centre. 

To be known as the Whiteshell Nuclear Research 
Establishment, the new centre will start as a small unit 
but will be expanded as nuclear research in Canada 
expands and may reach a size comparable to that of 
the Chalk River plant. 

Shawinigan Engineering, Montreal has been 
appointed to do the over-all site planning and develop- 
ment. 

We have just one question—any chance for chang- 
ing this decision to read Elliot Lake, Ontario? 


Bearing standards 


The Technical Committee of The International 
Organization for Standardization met recently in Berlin 
to discuss Ball and Roller Bearings. Mr. B. L. Haley, vp 
engineering at the Canadian SKF Company, official 
Canadian delegate, reports that considerable progress 
was made in the standardizing of instrument bearings 
and tapered roller bearings. The work of this commit- 
tee in rationalizing sizes and establishing interchange- 
ability will have far reaching importance to users and 
makers of ball and roller bearings the world over. 


Salt on highways 


Use of salt on highways and streets during winter 
has become a serious matter of contention in Ontario. 
Although the subject is only on the fringe for designer 
interest, we thought you would appreciate the following. 

During one snowstorm this winter, Rochester, New 
York used no salt, only snowplows. No one was advised 
of the experiment because the unbiased reactions of 
police officials, traffic engineers and the public was 
wanted. 

The two officials who initiated the program reported 
that the office of snow control was flooded with com- 
plaints from the police, transit company and many pri- 
vate citizens. “The superintendent of street cleaning 
said conditions would become intolerable unless salt was 
used. And the remarks of individuals were acrid,” says 
the report. 

Finally, the order was given to salt the streets; the 
hazardous conditions were relieved after one run of the 
salt spreaders. An hour later the city was back to 
normal. 

An interesting report indeed — with the challenge 
still beckoning the design engineer to develop a vehicle 
that will not fall apart (due to corrosion) long before 
its useful life would otherwise be ended. 


IAPA Annual Conference 


The Annual Conference of the Industrial Accident 
Prevention Association will be held at the Royal York 
Hotel, Toronto on the 4th and Sth of April 1960. 

Safety is a major consideration in all designs — or 
rather, it should be — and the annual conference is an 
ideal place to get the latest facts and figures on this 
subject. 
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The next convention of the Institute of Radio Engi- 
neers will be held October 1961, the planning commii- 
tee recently announced. Postponement for a year will 
pave the way for an expanded technical program and 
increased industry participation. 


CSA Publications — 1960 


The 1960 issue of CSA List of Publications has just 
been published. All currently available CSA Standards 
are listed here, according to subjects. In addition, pub- 
lications of the International Organization for Standardi- 
zation (ISO) and of the International Electrotechnical 
Commission (IEC), which are distributed in Canada 
through the Canadian Standards Association, are listed. 
Price is given with each title. Names and addresses of 
sales agents for CSA Standards in other countries are 
also included in this list which is distributed without 
charge by the CSA Headquarters in Ottawa. 


Hot water supplies 


Industrial hot water, spotted throughout the plant 
at points of use, is rapidly replacing the method of 
delivering hot water through long lines from a central 
heating boiler, it was stated during the 1960 Mainte- 
nance and Engineering Show. 

Many plants are finding it more economical to use 
the new compact water heaters, with the hot water 
generated right at the exact location of need and in the 
required capacity. 


Die-casting display in Toronto 


The Die Casters’ Section of the Automotive Parts Man- 
ufacturers’ Association (Canada) is planning to hold a 
display of die castings, with an accompanying technical 
film and panel discussion, in Toronto in the latter part 
of May. 

A number of similar functions have been held, 
particularly with professional groups, and it has been 
suggested that design engineers would welcome an 
opportunity to participate in a function of this nature. 
There would be a physical display of die castings and 
a discussion on how they are made, the complex forms 
which can be cast, the ingenuity and originality in 
design which is permitted through this method of metal 
working, and many other features which permit die 
casting to supplant other methods of production. The 
various applications of die casting would be shown, 
such as in the automotive industry, marine hardware, 
household appliances, and lighting fixtures. 

The Canadian die casting industry is prepared to put 
on this function without charge for the benefit of 
design engineers, provided that sufficient interest is 
shown at an early date by response to this notice. Sub- 
scribers to this magazine who would be interested in 
the program are invited to write direct to the Secretary, 
Automotive Parts Manufacturers’ Association (Canada) 
Suite 408, 77 York St., Toronto 1, Ont., giving their 
company affiliation and title. If you wish, cirele number 
371 on the Reader’s Service card and DE will do the 
rest. Those interested will be notified of the time and 
place of the meeting. Will you be there? 
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These are just a few examples 
of the many thousands of 
different springs produced by 
Wallace Barnes in lots of a 
few . . . or thousands. The 
successful production of this 
large variety depends on the 
knowledge and experience 
of the Wallace Barnes team 
of engineering experts. 
These men, skilled in every 
phase of spring-making, 
guarantee the most efficient 
design, the most durable 
product, and the most 
economical production in 
any quantity. 


Send for your FREE copy of 
“Pocket Guide to Springs and 
Other Things’’. A pictorial guide of 
our products and services. 
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Subsidiary of 


Associated Spring 
The Wallace Barnes Company Ltd. 


Hamilton, Ontario—Montreal (Pointe Claire) Quebec 
Sales Agent: E. A. Tipping Sales Ltd., Winnipeg—Vancouver (Richmond) 
For further information mark No. 160 on Readers’ Service Card 
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This machine runs on air... 


controlled by a 
pneumatic system! 





Maxam-Nopack pneumatic control guides this new Blow-Moulding Machine, built for Tayklo Holdings Ltd., by Delamere & Williams Ltd. of Toronto 


Air power makes plastic containers on this machine. Starting with an 
extruded plastic tube that never stops, never changes its rate of flow, the 
machine automatically clamps on a mould, forms the plastic inside the 
mould with compressed air, cools and finally ejects the finished product. 


The operation—using hydraulic pressure, compressed air and vacuum 
on a single circuit—demanded exact synchronization and complete 
reliability in its control system. The designer’s choice — 
MAXAM-NOPAK air/hydraulic equipment! 

This prototype was designed and built with the close co-operation of 
MAXAM-NOPAK’s technical staff. The performance of the machine 

and the accuracy of its unique control circuit have warranted 
production of other units for the plastics market. 


For full information on MAXAM-NOPAK equipment —and for 
pneumatic or hydraulic design assistance — write: 


MAXAM-NOPAK DIVISION 


HOLMAN BROS. (CANADA) LTD. 


97 KENT AVENUE * KITCHENER © ONTARIO 


For sales and service on MAXAM or NOPAK, contact; Suite 3, 1415 Lawrence Ave. W., Toronto or 8025 Decarie Blvd., Montreal 


For further information mark No. 128 on Readers’ Service Card 
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Falk distribution now complete 


Famous Falk Couplings and Reducers at last in good cross-Canada supply 


Canadian Allis-Chalmers is pleased to announce that 

FALK—America’s “royal family” of couplings and 
speed reducers, are now manufactured in Canada, under 
license, by CA-C. FALK Steelflex Couplings are the over- 
whelming favourite of discriminating buyers in every industry 
because they have learned that the exclusive grid-groove design 
smothers shock and vibration as no other can. They accommo- 
date parallel misalignment, angular misalignment or free end 
float better than any other coupling made. They are exception- 
ally long-lasting ...easy to install...easy to disconnect. Contact 
your CA-C representative or distributor about FALK’s dis- 
tinguished line, and about your coupling problems, or write 
Canadian Allis-Chalmers, P.O. Box 37, Montreal. 





AUTHORIZED FALK DISTRIBUTORS: 


e Gill & Co. Ltd., Saint John, N.B. 


e Williams & Wilson Ltd., Quebec City, Montreal, Ottawa, 
Toronto and Windsor 


e William Kennedy & Sons, Owen Sound, Montreal, Toronto 
and Haileybury, Ont. 


e Vickers-Warnock Ltd., Hamilton, Ont. 

e MF. Mills Supply Ltd., Port Arthur, Ontario. 

e Bearing Supply & Service Co. Ltd., Winnipeg, Man. 
e Bearing & Transmission Regina Ltd., Regina, Sask. 

e Bennett & Emmott Ltd., Edmonton and Calgary, Alta. 


e Galbraith & Sulley Ltd., Vancouver, B.C. 
60F-1 


V-BELT DRIVES e REDUCERS & COUPLINGS e PYRO-PROCESSING EQUIPMENT © CRUSHERS, MILLS & SCREENS 
HYDRAULIC TURBINES e PUMPS e COMPRESSORS e VALVES e CONDENSERS e MOTORS & CONTROL e SWITCHGEAR & CONTROL 


For further information mark No. 111 on Readers’ Service Card 
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brand 
quality controlled 
copper 


ORC Brand is the mark of quality stamped on all copper 
shapes produced by the Copper Refining Division of Inco. It 
signifies that the copper has been produced under carefully 
controlled conditions to attain high purity and safeguard 
quality throughout every stage of the complex refining process. 


At Inco’s Copper Cliff refinery the production of electrolytic 
copper is monitored by a succession of chemical and physical 
tests which commence with the anode furnace treatment of 
Smelter blister metal. During electrolysis optimum deposition 
conditions are promoted by strict observance of good tank 
house practices, careful regulation of electrolyte composition 
and use of selected addition agents. Cathodes produced are 
melted in direct arc type furnaces under non-contaminating 
influence and the inherent high purity of the original electro- 
deposited copper is preserved. 





ORC Brand Copper consistently exceeds the minimum copper 
content as specified in the trade standards. In fact metallic 
impurities are held below one part in ten thousand and the 
VERTICALLY CAST WIRE BARS copper content of tough pitch electrolytic shapes, dictated by 

the presence of a regulated amount of oxygen, is generally in 

eee ee ee eae the range 99.950 to 99.970%. All wire bars, cakes, billets and 
VERTICALLY CAST CAKES related shapes have a resistivity not to exceed 0.15328 inter- 
ELECTROLYTIC COPPER CATHODES national ohm—gram/meter? at 20°C (annealed). All ingots 
and ingot bars have a resistivity not to exceed 0.15694 ohm. 


Suppliers of: 


BILLETS 
INGOT BARS 


INGOTS TH E 


INTERNATIONAL 
NICKEL a 


COMPANY OF CANADA, LIMITED NO, 


55 YONGE STREET, TORONTO 


For further information mark No. 131 on Readers’ Service Card 
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wire with a 


thermoplastic cement 
overcoat. This overcoat 
softens when exposed 
to heat (275°F) or 
solvents (alcohol). 
Will bond the wires 

in a desired shape 


on cooling. 


BY-s aT -va tela im Ao) ¢-m Gey] | 
elem -1(-Sat diel} 


BONDEL 
A Formel insulated 


the new 
generation 


Several factors, in- 
cluding miniaturiza- 
tion of equipment and 
the introduction of 
| higher speed winding 
machines have re- 
sulted in a new genera- 
a< -w == tion of magnet wires. 
Produc icmolccy stomaitat Perhaps one of the 
at Simcoe. new types (a few are 
described below) will 
suit your requirements much better than 
the one you are now using. 
There is one sure way to find out. Tell 
us about your product and manufacturing 
process. Canada Wire makes all the latest 


NYLON 
A polamide coating 
wire characterized by 
excellent windability 
and ability to solder 
in dip operations at 
temperatures of 
650°F. to 750°F. 
without prior removal 
of coating. 






















Fluorescent Lamp Ballast 
Transformer Coil 


PLAIN ENAMEL C-90 
Insulated with an 
oil resin varnish film. 
Provides outstanding 
electrical properties 
in very thin film 
build-ups. 





types of magnet wire, so Canada Wire is } 
equipped to advise if there is now a be 
type of magnet wire for you. 

One reason why Canada Wire is able 


offer such specialized 
magnet wire service to 
industry is the modern 
research and manufac- 
turing facilities central- 
ized in the Magnet Wire 
Division plant at Simcoe, 
Ontario...the first Cana- 
dian plant devoted solely 
to the specialized job of 
producing the new gener- 
ation of magnet wires 
for you. 































Oil Burner 
Ignition Coil 


Every type of modern pack 
is offered; Pail-Paks, Ba 
Paks and a complete rang 
spool sizes, 





POLYSOL-N 


AU MUN CICUmY 1 
a nylon overcoat. 
Combines the exceller 
windability and 
solvent resistance of 
nylon with the 
outstanding electrical 
characteristics of 
polysol. For soldering 
in dip operations 
without prior removal 
of coating. 












Automotive Generator 
rN aiitehivig-) 


MURAI 


A modified isocyanate 
coated wire 
characterized by its 
excellent electrical 
properties (particularly 
at high frequencies) 
and its ability to 
solder in dip 
operations without 
prior removal of 

the insulation. 


Electronic IF 
a ielatsielail-lam Gel] 


FORMEL 


The best general 
purpose magnet wire 
now being 
manufactured. It is a 
vinyl acetal coated 
wire that has many 
outstanding properties 
for use in equipment 
functioning at 
temperatures not 
exceeding 105°C. 


Fan Motor 
Stator Winding 


Canada Wire’s 113,000 square foot Magnet 
Wire Division plant was engineered from the 
ground up to manufacture one thing—magnet 
wire. Here, are the specialists and specialized 
equipment it takes to produce the new genera- 
tion of magnet wires to the highest quality 
standards. 


‘TRADE MARK REG'D, 


Canada Wire and Cable 
Company Limited 


Magnet Wire Division—Simcoe, Ontario 
A Canadian Company Manufacturing and Selling Coast to Coast 


z 





NEWS ABOUT 





FORTILENE* AND BLOW MOULDING 


Sometimes a material and a process make a natural team—as in the 
case of Fortilene and blow moulding. Together, they make it possible 
to re-design products for better quality and greater economy. 


12 


ge DETERGENT BOTTLES. Blow moulded of 
Fortilene, these attractive bottles are convenient to ship 
and handle, light in weight and virtually indestructible. 
Fortilene offers complete flexibility in design and 
moulded-in colours. 


B TOY CARS. Blow moulding is even invading the 
toy field. This model sports car illustrates the realistic 
detail possible. Fortilene gives it strength, durability 
and colour. 


E] HOUSEHOLD VAPOURIZERS. Leading 
appliance manufacturers are discovering the advantages 
of Fortilene and blow moulding. Fortilene is inexpensive 
and simple to mould, available in attractive colours and 
withstands boiling temperatures. 


CARBOYS FOR CHEMICALS. Fortilene 

and blow moulding could cause a minor revolution in 
the chemical products field. Fortilene containers won’t 
rust, dent or leak, and are not affected by acids. 
TO HELP YOU solve your plastics problems profita- 
bly, Canadian Chemical will be glad to send you litera- 
ture and technical bulletins on Fortilene, and to supply 
on-the-spot assistance through their sales staff. Please 
call your Canadian Chemical office. 


CANADIAN CHEMICAL COMPANY, LIMITED 


Montreal e« Toronto e Vancouver 


PLASTICS 





* Reg’d Can. Trademark 


For further information mark No. 113 on Readers’ Service Card 
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-a rapid Design Consulting Service 
— from CSF 


DESIGN CONSULTING SERVICE 
S QUESTIONNAIRE 


Service application of part 


Loads or stresses, if applicable 


Current or intended 
method of manufacture 


Material specifications: .....0 2. cc.6csc ceed eeeceesee ese eens destews seeeer 
Manufacturing tolerances...............202 000 e eee ec eee eee eee 
Finished weight of part 


Finish required 


What quantities of 
this part do you or 
would you normally 
fabricate or order? 


Please attach drawing or sketch of part, along with assembly drawing. 


Name of your Company 

Address 

Type of business or products 
Name of individual making enquiry 


Position within your Company. ...scecsesecses 


For further information mark No. 115 on Readers’ Service Card 
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Handsome and Hardworking 


Plexigl 


Strong, gleaming, curved PLExXIGLAs® windshields on pleasure 
craft... rugged, colorful ImpLex® housings for outboard motors 


(with molded PLEXIGLAS insignia) ... both give merely a hint : 
a - Chemicals for Industry 
of the wide range of uses being made of these Rohm & Haas 


plastics. What do you have in mind ? Signs... lenses . . . lighting ROHM x HAAS 
diffusers ... glazing... machine parts... housings... name- COM PANY 
plates? Better look into PLexigias acrylic plastic or ImpLex, OF CANADA LIMITED 


the high-impact acrylic. Our design staff and technical repre- 2 MANSE ROAD, WEST HILL, ONTARIO 

sentatives will be glad to tell you how these Rohm & Haas Pixiensewil bi we ees Mee. 
Canadian Pat. Off. and in principal foreign 

products can help you. countries, 


For further information mark No. 145 on Readers’ Se:vice Card 
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ICKERS. PACKAGED ELECTRO-HYDRAULIC SYSTEM 


makes possible automatic heat treatment at Canadian Steel Wheel 


A combination of closed circuit TV and electro-hydraulic control 
permits a fully automatic heat treatment cycle for wrought steel 
wheels at Canadian Steel Wheel Limited’s ultra-modern plant in 
Montreal. Depressing a selector button is all it takes to initiate a 
cycle. This new integrated plant can produce 200,000 wrought steel 
wheels per year to meet the increased needs of Canada’s railways. 
This is accomplished by using the latest in automated manufacturing 
procedures and inspection techniques. 

Vickers-Sperry of Canada Ltd. designed and manufactured the 
complete electrical and hydraulic control system for movement of 
wheels through the 90-foot long heat treatment furnaces. The complete 
*“‘packaged”’ job included installation and startup of the equipment. 

Although Vickers-Sperry “‘Packaged Systems” like this one are 
developed for specific installations, they use standard components 
throughout . . . thereby cutting original cost and simplifying main- 
tenance because spare parts and service are readily available. You get 

Vickers control console at top of page . not only single source convenience but single source responsibility. 
gives operator remote control of normal- A Vickers-Sperry application engineer can survey your requirements 
izing furnace operations. Control con- and show you how a packaged electro-hydraulic system offers the 
sole, power units, and valve panels like : ; ; , P 
the one shown above are all part of the most efficient solution to your operating needs. Further information 
Vickers-Sperry package. is available in Bulletin 59-74, write for your copy today. 


VICKERS-SPERRY of Canada Ltd. 


Division of Vickers Incorporated 
SPERRY RAND CORPORATION 


VANCOUVER— 1637 West 5th Ave. «© TORONTO—92 Advance Rd. e¢ MONTREAL—318 Victoria Ave. 


VICKERS OFFERS WORLD-WIDE FACILITIES—SALES AND SERVICE 


For further information mark No. 157 on Readers’ Service Card 
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PRODUCT NEWS 


FROM UNITE 


FLEXIDYNE “Dry Fluid” Drives and 
Couplings provide a new way to: start 
loads smoothly, protect against over- 
loads; reduce maintenance; save on 


motors and con- | 


trols. The “fluid” 
ay 


7 
: fol 


heat treated steel 
shot. A measured 
amount, called the 
flow charge, is 
contained in the 
housing, which is 
" keyed to the motor 

shaft. When the 

motor is started 

centrifugal force 

throws the flow 

charge to the peri- 

meter of the housing, packing it be- 
tween the housing and the rotor which 
transmits power to the load. After the 
starting period of slippage between 
housing and rotor the two become 
locked together and achieve full load 


speed, operating without slip and with | 
100% efficiency. The Dodge Flexi- | 


dyne Drive is available to handle from 


14 HP. to over 800 HP. No. 6801. | extras. 


LIKE MORE FACTS? Simply check 
the item number and mail this coupon 
to: United Steel Corporation Limited, 
58 Pelham Ave., Toronto 9. 


(6801 [76802 [6803 





in Flexidyne is | 


aes é ef 


ll 


TORQUE-ARM SPEED REDUCERS — 
“Torque-Arm” is a precision built 
power package which simplifies prob- 
lems of speed reduction and in so 
doing cuts the cost of equipment, in- 


| stallation and operation. 


The reducer is mounted directly on 
the shaft to be driven thereby eliminat- 
ing the need of costly linkage, founda- 
tion, sliding motor base or flexible 
coupling. Simple installation is effected 
by sliding the unit over the shaft and 
locking it in place with four screws. 
Combined with a V-Belt drive the 


| Torque-Arm Speed Reducer can pro- 
| vide speed ratio up to 150-to-1 by 


selection of a predetermined combina- 
tion of reducer and drive. Capacities 
up to 170 HP. with output speeds from 
10 to 400 RPM. Overload Release 
and Backstop Mechanism, optional 








COMPANY.. 





ADDRESS.... 





No. 6802. | 


D STEEL CORPORATION 


NYLON CHAIN COUPLING. Will out- 
last metal by as much as 6 to 1—costs 
less to buy and maintain. Specially 
suited for areas where corrosion is a 
problem. Ideal for loads fractional to 
40 HP. and speeds 500 to 5,000 RPM. 
| Used with standard 14” pitch roller 
| chain sprockets. Quiet running; re- 
| quires no lubrication or covering. 
No. 6803. 





i & s é 
United Steel 
CORPORATION LIMITED 


TORONTO e MONTREAL « LONDON « GALT 
WELLAND e KIRKLAND LAKE « SUDBURY 


For further information mark No. 156 on Readers’ Service Card 





DESIGN ENGINEERING MARCH 1960 





i; 
ba 
* 


4 
E 
4 
1 


— Now 


» MY lh ud Bi 


wm isd a, 


J 


cali} 
eh wwe y 


For further information mark No. 139 on Readers’ Service Card 
DESIGN ENGINEERING MARCH 1960 





THIS 1S GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


A GOOD OLD-FASHIONED 
GUARANTEE AGAINST 
DRAINLINE CORROSION 





It’s the sort of thing that drives stolid 
corporation lawyers to scribing frantic 
memos, but we are offering a hard-rock 
guarantee against corrosion and leakage 
with our Pyrex® lifetime drainline. 

We use “guarantee” in the old, un- 
weaselworded sense of the term: we 
replace any piping material damaged 
due to corrosion and/or leakage during the 
life of the building. 

We insert just one escape clause: we 
cannot tolerate, nor can the drainline, 
massive volumes of hydrofluoric acid, hot 
alkalies or hot phosphoric acid. Even here, 
check with us just to make sure. Anything 
else goes—acids, alkalies, or whathaveyou. 

So throw away those drip buckets, 
stop giving the “new man” the desk 
under the leaking joint . . . the next time 
you install or replace a drainline, make 
sure it bears the “Pyrex” trademark. 

Look at the coupon. 


Longevity under adverse, even hostile, con- 
ditions is a well-known trait of Corning 
glasses... a fact to consider, even ponder, 
when you run up against materials with 
but a modicum of stamina. 


WHO WANTS TO TRANSMIT 
80% to 90% OF INFRARED 
THROUGH A WINDOW AT 
900°C. OR IN THE PRESENCE 
OF CORROSIVES? 

Ours not to reason why. Ours only to 
inform you that there are two Vycor® 
brand glasses that service both condi- 
tions admirably. 


There is Vycor No. 7905 glass. A sheet 
of this 2 mm. in thickness will transmit 


90% of the wave lengths up to and in- 
cluding 3.0 microns. A % in. thickness 
will transmit 80% of a wave 2.75 
microns across. 

Then there is Vycor No. 7950 glass. 
It is stained red. It does like work with 
infrared, but absorbs most of the visible 
light waves from a tungsten filament 
humming away at 2700°K. 

Both glasses function continuously in 
the manners stated at 900°C. even in the 
presence of corrosives and will take 
intermittent jaunts into the 1200°C. plus 
region without damage. 

Both will take a sudden thermal shock 
from these empyreal heights right down 
to 0°C. 


INFRARED TRANSMISSION FOR GLASS NO. 7905 





(2 mm. Thickness) 














Transmittance (%) 





20 











i 








16 20 24 28 3.2 3.46 
Wave length (“) 


oUt 
0.8 1.2 


Both actually increase in mechanical 
strength as the temperature goes up. Odd, what? 

There’s much more you ought to 
know about these and the other Vycor 
brand glasses, but we’d like to find out 
just how many and what kind of people 
are interested in such matters, so we’ve 
put the rest of the data away in a bulletin 
which you may have in exchange for the 
information asked for in the coupon. 


silent light (fluorescent) 

Making an electroencephalogram under 
fluorescent lights can be as nightmarish 
as listening to Leonard Bernstein conduct 


CORNING MEANS 


RESEARCH in 


FROM CORNING 


in a subway. The same holds true for any 
sensitive electronic device that can pick 
up unwanted noise from a hot tube. 

From now on, anyone seeing un- 
worldly blips or blurs on his trace of a 
monkey’s alpha waves might find our 
new Pyrex brand E-C No. 70 panel 
helpful. 

E-C No. 70 is a glass panel with an 
electroconductive coating fused to one 
side, a coating grounded with a 14” 
strip of silver running around the perime- 
ter of the panel. The coating is “tuned”’ 
to pick up and throw to the ground all 
radiation from 0.018 to 25 mc. 

Add a simple line filter and a GBM 
ballast to your fixture, and all that comes 
out is clear, clean, quiet light, free from 
both radiated and conducted radio noise. 

E-C No. 70 is optically designed to 
give low brightness to the light it lets 
through, this being 70 to 78% of the 
light emitted by the tubes. 

E-C No. 70 is made of borosilicate glass, 
so it takes a goodly amount of corrosive 
atmosphere and thermal shock in stride. 

E-C No. 70 meets all the many re- 
quirements of MIL-I-1690A—ships. 

E-C No. 70 may be had in panels up to 
28” in width, up to 48” in length. 

Still more may be learned about E-C 
No. 70 by posting the coupon. 


GLASS 


CORNING GLASS WORKS, 39 Crystal St., Corning, N. Y. 


Please send me: [[] PE-30, PYREX lifetime drainline 


C B-91, VYCOR Industrial Glassware 
CL] A2, PYREX E-C No. 70 Glass Panels. 





Company 








' 
| 
| 
| 
| 
| 
| Name 
| 
| 
| 
| 
| 
| 
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To meet new drive line requirements on its 1960 
model trucks, a major truck manufacturer needed a 
special, lightweight but strong universal joint—a unit 
that would provide greater torque capacity without 
increasing swing diameter. Rockwell-Standard en- 
gineers were consulted, and in a cooperative effort 
the new “58WB” was developed. It is now being used 
on several models in the manufacturer’s 1960 line. 

The design of the new “58WB” is applicable to 
medium-weight trucks, off-highway equipment, small 
crawlers and front-end loaders of approximately 142 
yards capacity. It can be made up as a complete 
drive line, furnished as a component part for a manu- 


UNIVERSAL JOINT 


facturer’s own drive line, or utilized in close- 
coupled drives. The “S8WB” offers these outstanding 
advantages: 


The “S8WB” provides 39,000 inch pounds torque 
capacity with a swing diameter of only six inches! 


Requires only four bolts for instal- 
lation on original equipment. Saves downtime for 
repairs. 


For more details about the new “S8WB” or for help in 
solving any problems involving universal joints or 
drive lines, write or call us today. 


Nae TRG a nero. 


Universal Joint Division, Allegan, Michigan 


For further information mark No. 144 on Readers’ Service Card 
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1 The handle of this automatic fry pan is molded of phenolic to: 2 In 18 years, it’s been re-coated with phenolic paints: 
(a) stay cool (b) fit small hands (a) 2 times (b) 5 times 
(c) insulate inner wiring (c) 9 times 


SCSHSSSHHEHEHSESESEHSESEHESEEEEESESSESESEEESESESEEEEEEEEEES SOSSHSHSSHHSHSHESHSSEEHHSHSESHHESHE HEHEHE SEEEEESESESESESESEEE 


Can you pass this test on Phenolic Plastics? 


(You'll profit by knowing them better) 


3 This modern electronic circuit is printed on a base of: 4 These smoother-finished metal castings result from: 
(a) molded phenolic (b) phenolic-impregnated paper laminate (a) phenolic-bonded shell molds (b) phenolic-based coatings 
(c) phenolic-coated metal (c) phenolic-bonded grinding wheels 


PESOSSSSSHSSSFTOHSHSSHSHSHSHSHHEHHEHSHHHHHEEHHEHHHEHHHHEHHHHESESOSOHEEEEES SOSH SHSESEESHEHSEHHEHEHESEESHEEEHEHHSEHEHEEHSTEHESHESEHEOTEEHEEESEE 


“7 ANSWERS... to design and production 
problems throughout industry are found in 
dependable BAKELITE phenolic plastics. 


1. Check (a) and (c), and add durability. 


2. (a) Twice—phenolic paints last 7 years on the 
San Francisco Bay Bridge. 


=f (b) A laminate—machineable, chemically inert, and non-conductive. 
4. (a) Lightweight shell molds that virtually eliminate machining. 
5. Check (a), (b), and (c)—it saved all around. 





If you have questions—about phenolics and their potential 

for your business—please ask us. Why not discuss the matter 

with a Bakelite Technical Representative? Just write or call 

any of our offices, or write Bakelite Company, Division of 

— Union Carbide Canada Limited, 

5 This device to test vision has a molded phenolic case that: 40 St. Clair Ave. East, Toronto 7. 
(a) cuts weight 50% (b) needs 25% less tooling 

(c) requires no coating 


ei Site). 
CARBIDE 
PTYTTTTITITUTITITITIITITITTTiTiriiiriirririrrriiiTrr rrr BAKELITE and UNION CARBIDE are trade marks. 


For further information mark No. 105 on Readers’ Service Card 


24 DESIGN ENGINEERING MARCH 1960 





BUILD IN STRENGTH, DURABILITY AT LOWER COST 
with 3M Adhesives, Coatings and Sealers 


ROLL-ON SEALER. You just roll on 3M Brand Sealer EC-1202, 
apply the next metal section, then, fasten mechanically 
through the sealer. It’s fabric-reinforced, neither shrinks 
nor stretches. With minimum labour and equipment, you 
get a durable, uniform seal that shuts out weather, dust 
and moisture. 


co Bio ae See cet 

RESISTS PLASTICIZERS. Sure bonding of nitrile rubber and 
vinyl] plastics to metal is possible with 3M Brand Adhesive 
EC-847. This fast-drying, high-strength adhesive has ex- 
ceptional resistance to many types of aggressive plasti- 
cizers, oils and fuels. Because of excellent adhesion to steel, 
aluminum, wood and leather, it serves countless uses. 


SEE WHAT 3M ADHESIVES CAN DO FOR YOU! These are but four 
examples of ways 3M Adhesive Research is helping indus- 
try improve products and cut production time and cost. 
Look to 3M for the broadest range of adhesives, coatings 
and sealers experience. 


MINNESOTA MINING AND MANUFACTURING 
OF CANADA LIMITED * LONDON, CANADA 


Sales Offices: Halifax ¢ Montreal * Toronto ¢ Winnipeg © Calgary e Vancouver 
Resident Salesmen: Saint John © Quebec City ¢ Ottawa e Hamilton ¢ Sudbury 





COLD SANDWICH BONDING. 3M Brand adhesive EC-1357 makes 
it possible for you to bond sandwich panels with a nip 
roller or cold press. You need no clamps or heated presses 
to complete tough core-to-skin bonds that resist moisture 
and high and low temperatures. This one adhesive bonds a 
variety of sandwich materials quickly and economically. 


er 


DAMPS VIBRATION. One pass with a spray gun is all it takes to 
damp vibration of these movable wall partitions with 3M 
Brand Coating EC-1034. Heavy-bodied EC-1034 provides 
an easy answer wherever sound, air or machinery move- 
ment makes metal hum orrattle. What’s more, it’s moisture- 
proof, abrasion-resistant .. . protects metal and insulation. 





Minnesota Mining and Manufacturing of Canada Limited, 
Box 757, London, Ontario. 


Gentlemen: Please supply further information on your products: 


CJ EC-1202 C] EC-1357 [J EC-847 CJ EC-1034 


Please have a representative call regarding other products CJ 





COMPANY... 


ADDRESS. 





CITY 


me ee ee 





For further information mark No. 137 on Readers’ Service Card 


DESIGN ENGINEERING MARCH 1960 





CHEMICAL RESISTANCE — Hose with tube of “Hypalon” 
carries sulphuric acid and shows no internal damage in over 
two years of service.“‘Hypalon” resists strong oxidizing chemicals. 


COLORABILITY — Auto door strips with coating of “Hypalon” 
in wide range of light, stable, matching colors are protected 
against ozone, sunlight and weather. 


OZONE RESISTANCE — “Hypalon’s” resistance to ozone is 
amazing! Compounds have been unaffected by the highest 
ozone concentrations producible in commercial generations. 


ABRASION RESISTANCE — Calender roll with cover made of 
“Hypalon” resists heat and abrasion. Service life of roll is 
lengthened ten times over previously used rubber compounds. 


New Synthetic Rubber — 
‘“Hypalon” Helps 

Make Colorful Products 
that Perform Better. 


““Hypalon” is a relatively new Du Pont synthetic rubber. 
Its outstanding properties actually put it in a class by itself. 
“Hypalon” has extraordinary resistance to oxidation by 
sunlight and weather. It is completely ozone-proof. It resists 
heat and oxidizing chemicals. 

One of the most unique characteristics of “Hypalon” is that 
it can be compounded into white or an unlimited range of 
colored compounds stable to sunlight exposure. Solution 
coatings in color are also available. These suggest a wide 
variety of product applications. 

In addition to the properties illustrated at the left, other 
important qualities of ““Hypalon” are: 


WEATHER RESISTANCE — Bright-colored products made with 
“Hypalon” retain their color in all kinds of weather. 


ELECTRICAL CHARACTERISTICS — Good dielectric strength; 
dielectric constant and power factor for service up to 600 volts. 
HARDNESS — Products made with ‘“‘Hypalon” range from 55 to 95 
(Shore Durometer A) 

HEAT RESISTANCE — Better than that of other general purpose 
rubbers at 121° C. — 149° C. continuously and up to 177° C. inter- 
mittently. 

FLAME RESISTANCE — “‘Hypalon” will not propagate flame and is 
self-extinguishing when flame is removed. 

LOW TEMPERATURE — Most compositions retain flexibility in 
range of -34° C. to —40° C. and have been formulated to resist —44° C. 


FLEXIBILITY — Excellent with outstanding resistance to cracking. 


You can get your regular copy of “Elastomers Notebook”, and more 
information about ““Hypalon” by writing to: 


Du Pont of Canada Ltd., 85 Eglinton Ave. East, Toronto, Ontario. 


CANADA 
Better Things for Better Living... through Chemistry 


NEOPRENE 
HYPALON* 
VITON* 
ADIPRENE* 


*Registered trademark of E. 1, du Pont de Nemours and Co. (Inc.) 


@ DTU Teli ELASTOMERS 
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IMPERIAL 
_ Engineering and Data File 


Your slide rule or this New Hi-Seal Tube Fitting Catalog... 


YOU’LL WONDER WHICH 


ONE HELPS 


Just off the press! A working handbook 
for every man concerned with tubing and 
fitting circuitry. Published by the company 
with a habit of leadership. 


Leading hydraulic and pneumatic engineers, when 
asked to study advance proof copies of Imperial’s new 
Hi-Seal Catalog, came back with comments like these: 
“It’s a reference manual” . . . “The kind of material 
I’ve had to dig up for myself, until now, from several 
reference sources” . . . “Make sure I’m on your list for 
a copy as soon as they are available.” 


YOU MOST! 


The new Imperial Catalog of Hi-Seal tube fittings con- 
tains data, charts, laboratory tests, and formulae on cor- 
rosion, vibration, temperature, pressure and vacuum, 
flow and velocity — vital statistics in hydraulic and 
pneumatic tubing circuitry design. And it describes the 
complete line of Imperial Hi-Seal Tube Fittings — 
industry’s most complete line, based on a single-design 
concept, that meets all tubing circuitry requirements. 
All items in this catalog are stock items and are priced 
as stock items. 


IMPERIAL BRASS MFG. CO. (Canada) Limited 
18 Hook Avenue, Toronto, Ontario 
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Need pushbutton switches? 
Here is a sampling of a very wide choice 


These assemblies are typical of many different 
series of MICRO SWITCH pushbutton switches. 
Each series offers many variations of electrical 
and operating characteristics. 


Operational characteristics include: momentary 
action, lock-down, alternate action, two-posi- 
tion alternate action, and magnetically held. 
Direct control of up to fourteen double-throw 
circuits is offered. Short and long button strokes 
can be provided. Sealed switches are available 
when protection is required from oil, water, 
sand, or salt spray. Special shock and vibration- 
resistant features are built into switches for 


rugged duty service. Switches with illuminated 
pushbutton display are available. These include 
switch devices with interchangeable modular 
indicator and pushbutton units. 
Experienced engineering assistance to help 
you select the pushbutton switch best 
suited to your requirements is as near as 
your nearest Honeywell office. Or write 
Honeywell Controls Limited, Precision 
Components Division, Toronto 17, Ont. 


iH Honeywell 


MIGRO SWITCH Precision Switches 
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A Tiny Producer, the honeybee, is 
equally famous as a supplier of a favorite 
delicacy and as a pollinator of valued 
crops. Worker bees — the only nectar- 
gatherers, honey-processors and home- 
builders — are always the smallest 
members of their colony. About 2” long, 
they're considerably smaller than drones. 


Miracles in 
Miniaturization 


ACTUAL SIZE OF THE MPB BEARINGS g 


iM DENTAL HANDPIECE SHOWN ABOVE 


Small Pain-Reducer. In this newest 
dental handpiece, tiny MPB bearings per- 
mit the head to be miniaturized for easier 
use and better visibility, particularly with 
children. The MPB bearings used here must 
withstand punishing acceleration from 0 to 
250,000 rpm in a half-second, the speed 
necessary for comfortable, quiet drilling. 





Man With Miracles. Every day MPB 





Sales Engineer Ray Armstrong helps indus- 
trial and scientific engineering staffs to 
select miniature bearings that reduce fric- 
tion and increase accuracy of instruments 
and other devices. An MPB sales engineer 
is always ready to help you develop the 
miniaturization your products need. 


More Miniaturization Than Ever. Even in the dimmest past, reductions 
in size have been absolute necessities to meet certain needs. Today, outer space 
exploration and many other modern projects call for miniaturization on a 
greater scale than ever. MPB, continuing as the foremost pioneer in this field, 
produces over half of the nation’s supply of miniature bearings, including over 
500 types and sizes, ranging down to 1/10” O.D., with specials as required. For 
a catalog with complete details, for engineering assistance or for both, write 
MPB distributor: Lyman Tube and Bearings, Ltd., 5420 Pare Street, 
Montreal. Additional offices: Toronto, London, Winnipeg, Vancouver and 


WEB Helps you perform 


New Glasgow. 


miracles in miniaturization 
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Speed routine calculations—increase creative time 
with this powerful electronic computer McBEE LGP-30 


Large capacity ... easily programmed 
and operated ... mobile... low in cost 


Compact, simple to use, McBEE LGP-30 will today bring 
high-speed computation right to your desk... thus relieve you 
of the tedium of standard hand calculations . . . increase avail- 
able time for truly creative work ... help you simulate optimum 
designs in a matter of minutes. And at the lowest cost ever for 
a complete computer system! 


Unusual capacity. Operating from a standard wall outlet, 
performing an almost unlimited range of calculations, LGP-30 
gives you the flexibility of stored-program operation combined 
with speed, memory (4096 words) and capacity equal to com- 
puters many times its size and cost. Completely mobile, LGP-30 
is easily wheeled from room to room, building to building. 

Simple to operate and program. LGP-30 controls have .been so 


NcBEE 


thoroughly simplified that it may be operated with only mini- 
mum computer experience. Direct print-out of answers—no 
deciphering required. Programming is easily learned—even by 
non-technical personnel. Library of sub-routines, plus programs 
for a wide variety of applications, is available. 


Wide range of applications. In addition to general design and 
system optimization, LGP-30 is currently being used for the 
refinement of estimates; computation of design parameters; 
specification of new product properties and capabilities; caleu- 
lation of such data as reactance, load saturation curves, time 
constants, harmonics, torque-speed and vee curves. 


Exceptional value; complete service. Smallest initial investment 
ever for a complete computer system is combined with low 
operating and maintenance costs. 


For further information and specifications, write Dept. 30. 


FOR PRACTICAL 
OFFICE AUTOMATION 


The McBee Company Limited, 179 Bartley Drive, Toronto 16, Ontario 


OFFICES IN PRINCIPAL 


CITIES ACROSS CANADA 
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Finished bore sprockets are available for the Taper lock sprockets provide a positive, full 
most widely used single-strand chains. They are compression grip on the shaft . . . are quick and 
stocked in a range of popular bores, complete easy to install. Available in a ’ wide range of 
with keyseat and set screw. sizes for single- and double-strand chains. 


PF". 


Mandrel bore sprockets are available in 
an extensive range of sizes for single- and 
multiple- strand roller chains. These 
sprockets are stocked with mandrel bores 
for remachining to individual bore or 
keyseat requirements. Type A (sometimes 
called plate sprockets) have no hubs and 
are used for mounting on flanges, hubs or 
other devices. Type B have a hub on one 
side only. Type C have hubs on both sides. 


Shear pin sprockets pro- 
tect equipment against 
overload damage. Necked 
pin shears at an exact cal- 
culated load . . . discon- 
nects sprocket and hub. 
Pin is easily replaced. No 
tensioning or other ad- 
justments needed. 


IMMEDIATE DELIVERY! PRECISION PRODUCT! 
You get both when you choose from Link-Belt’s 
broad range of off-the-shelf roller chain stock sprockets. 


All conform to ASA standards for diameters, tooth 
form, and tooth profile. Accurately cut teeth insure 
proper chain engagement. Pitch and root diameters or 
a8 CON: fer ar ane DNS Se —— ~ LINK-BELT LIMITED: Scarboro Plant, General Offices and District 


held to close limits. Sales—Dept. 360-DE, Scarboro, Ont., Station H, Toronto 13 * 
‘ . Eastern Avenue Plant and Warehouse—Toronto 8 « District Sales 

Contact your nearest Link-Belt office or authorized — Offices and Warehouses—Montreal 15 ¢ Vancouver 12 ¢ Winnipeg 

. sexe 10 e Swastika, Ont. e Halifax : Austen Bros. Ltd. e District 
stock-carrying distributor. Send for 154-page Roller Sales Offices—Edmonton e Hamilton e Sydney: Austen Bros. Ltd. 


Chain and Sprocket Data Book 2657. * Foundry at Elmira, Ont. 
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STRENGTH + LEAK-TIGHTNESS - DUCTILITY - ELECTRICAL CONDUCTIVITY 
CORROSION RESISTANCE - FASTER PRODUCTION - ECONOMY 


— ALL ARE AT YOUR FINGER TIPS WITH 
SIL-FOS or EASY-FLO BRAZING 


IN PLUMBING . . . The joining of copper and brass service pipe 


or tubing offers unrivalled opportunities for SIL-FOS silver 


brazing to make strong, leak-tight, maintenance-free joints. 


IN REFRIGERATION .. . Silver brazing is 
standard practice throughout the refrig- 
eration industry. In coils like these, there 
are millions of SIL-FOS brazed joints 
functioning daily without failure. 


IN AIR CONDITIONING . . . Modern sys- 
tems must stand severe service fluctu- 
ations. SIL-FOS and EASY-FLO silver 
brazing unfailingly meet every demand. 
In this field, silver brazing has a mon- 
opoly! 


IN GENERAL MANUFACTURE. . . Manufacturers 
of all types of metal products, including those 
containing steel tubular parts, invariably turn 
to silver brazed assemblies to simplify design 
and cut costs. 


SILVER BRAZING 


IS AN ESSENTIAL PART OF NEW DESIGN 
For the biggest benefits, the time to investigate either SIL-FOS 
or EASY-FLO Brazing is when your products are in the “design 


stage”. Get the complete story in print. Send, today, for Bulletin 
C20. 


veep’ ure | HANDY & HARMAN OF CANADA LIMITED 


IN INDUSTRY 141 JOHN STREET, TORONTO 2B 


SINCE 1867 District Sales Office: 620 Cathcart Street, Montreal 
DEALERS IN ALL CITIES 
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NORANDA 
COPPER 
AND 
COPPER ALLOYS 


American Standard Products (Canada) Ltd., 
Canadian Sirocco Type H coils are made of 
Noranda 90-10 cupro nickel tubes with a 
helically wound ribbon of Noranda copper 
strip. This combination gives the coil maximum 


LP PARAIAAAS 


heat transfer, inherent strength, maintained 
strength at elevated temperatures, best pos- 
sible corrosion resistance and dependability 
in constant use. For information or technical 
assistance call your nearest Noranda sales office. 


mevroraunnnns  § NOxanda Copper and Brass Limited 


SALES OFFICES: Montreal e Toronto e Edmonton e London e Vancouver 
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LIMITATIONS ?)... nor with SUTRIPPIT 


... the sky’s the limit ! 


A problem which 
often haunts the fast- 
thinking, fast-working design 
engineer is the inability of his own plant — 
either in terms of machine capacity, time or cost 
— to turn out a complicated stamping in rela- 
tively small quantities — fast. More often than 
not it’s a question of modifying the stamping 
(and thereby making it second best) or waiting 
the long and costly wait while dies are made. 


Strippit’s ‘‘Fast Tooling Method”’ offers design 
engineers a fast, economical service which elimi- 
nates costly tooling and its associated delays. 


Punching, notching and blanking of the most 
intricate nature and secondary operations such 
as drilling, reaming and tapping can be carried 
out accurately and fast. Tolerances are rigidly 
held throughout the run. And if occasion de- 
mands, the design may be modified quickly and 
economically half way through the run. 


Published in the interests of all design engineers 
by Strippit Tool and Machine Company, which 
hereby declares that so far as stampings are 
concerned, design limitation is a thing of the 
past—and, incidentally, so are high costs! Ask us! 


Write today for further details or send your blue- 
print for quotations. 


wie  STRIPPIT es 


TOOL & MACHINE COMPANY “& 


A Division of Provincial Engineering Lid. 


103 Hansen Road ° ° Brampton, Ontario 


raye> 
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Exclusive DE| Feature 


Workability — 


the secret of 


copper success 


From primitive time 
to today’s design engineer — 


the success story of copper 


J. M. Scully 


Workability—the ability of being worked has been the 
key to the use of copper and copper alloys from primi- 
tive man to today’s modern design engineer. 

The properties and working characteristics of the 
various forms of copper and copper alloys depend to a 
large extent upon such highly variable factors as size, 
shape and temper. For this reason the properties listed 
in the accompanying tables must be considered in gen- 
eral terms as they are approximate or typical values and 
should be used only as a guide. For specification pur- 
poses the design engineer should refer to the copper 
and copper alloy specifications published by the Ameri- 
can Society for Testing Materials. Specifications for 
Canadian industry are currently being prepared by the 
Canadian Standards Association. 

Copper base alloys are manufactured alloys. Brass 
is made by melting copper with zinc in varying propor- 
tions. The resultant “brass” is stronger than either of the 
original metals. Brass properties depend largely upon 
whether it is cast, rolled, extruded, drawn or annealed 
and upon the reduction by cold working following the 
last anneal. Machinability, corrosion resistance, hot and 
cold workability are controlled by varying the propor- 
tions of the basic metals and by adding small quantities 
of other elements. 


FERS = Ss 


Mr. Scully, author of this article, is staff metallurgist 
with Noranda Copper and Brass, Limited, Montreal. 
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Microstructures of 70-30 Brass 
(magnified 75x) 


Quarter hard—11% reduction or 1B&S num- 
ber hard. Metal cold rolled to this temper 
suited for shallow forming and severe bending. 


numbers hard 


numbers hard 


Half hard—21% reduction or 2B&S. Suitable 
for general bending. Full hard—5S0% reduc- 
tion or 4B&S. Suitable blanking, shearing, 
machining. 


6B&S 
numbers hard 


ee al 
Extra and spring-extra hard—50% to over 


60% reduction. Suitable for blanking, shear- 
ing, machining and bends if liberal radii. 
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Workability of copper continued 





Bronze was originally an alloy of copper and tin. 
However with modern usage bronzes now more properly 
could be defined as copper alloys for engineering uses 
having superior properties for specific applications. It 
is now general practice to qualify with an adjective 
descriptive of the particular alloy—we have for instance 
tin bronze, silicon bronze, aluminum bronze, etc. 

It is impractical to list the entire sequences that 
copper passes through from mine to consumer. This 
article deals only with those mill products that are 
developed from the new raw material after it is processed 
at the mill. When the ingot is melted and cast into bars 
and billets, alloys are made by adding other elements 
during melting. The bars are processed into sheet and 
strip, the billets are processed into rod, wire and tube. 


General properties of copper and copper alloys 


Few other metals, if any, contain as many desirable 
properties as copper and its alloys. Most of the common 
elements can be alloyed with copper to produce a 
tremendous range of properties, and these properties 
can be further refined by various methods of processing. 
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3. Annealing copper alloys—note inverse relationships. 


36 


There are approximately 100 alloys commercially avail- 
able. In addition the mills will also, when the need re- 
quires, produce other alloys on a “made to order” basis 
to meet exact specifications required by a fabricator. The 
following properties are found or developed in copper 
and copper alloys. 
. Ease of workability 
. Exceptional corrosion resistance 
3. Good strength 
4. Excellent machinability 
. High electrical conductivity 
. Fine spring properties 
. Ease of finishing 
. Wide color range 
. Superior properties at sub-normal temperatures 

10. Resistance to fatigue. 

11. Nonmagnetic properties 

12. High thermal conductivity. 

We intend to deal specifically with the first named 
property. Ease of workability. Copper base alloys are 
readily drawn, formed, stamped, spun, cold and _ hot- 
forged, machined, etc., with a minimum effort, with 
least wear on tools and with recognized economy. 


Effect of cold working 


Hardness, strength and spring properties of wrought 
copper and copper alloys correspond to the amount of 
cold working which the metal receives after the last 
anneal. Also, ductility is adversely affected by the degree 
of cold working. 

The comparison of the effect of cold working various 
brass alloys can be illustrated from the attached photo- 
micrograph and accompanying graph (figs. 1 & 2). The 
grains are elongated in the direction of rolling, the ten- 
sile strength of the annealed material, formerly about 
48,000 psi, rises to approximately 111,000 psi after a 
reduction in metal thickness of about 80%. The Rock- 
well hardness curve rises rapidly up to a reduction of 
50% but flattens out with further cold working. Also 
the percent elongation value (ductility) drops rapidly as 
the metal hardens. Other brass alloys are similarly af- 
fected by cold working. 

Note that the stronger alloys, those higher in zinc, 
lower in copper, harden and strengthen and lose their 
ductility more rapidly with cold working than the higher 
copper, low zinc alloys. 


Cold working involving press work 


For press operations, involving cupping and draw- 
ing copper, brass and most copper base alloys are sup- 
plied in the soft or annealed condition. Copper has high 
ductility but also low tenacity and a low rate of work 
hardening, which in some cases is found detrimental. 
It will take severe deformation, particularly deformation 
in one operation, before reannealing. However, unless 
process anneals are used, breakage will be encountered 
on certain types of draws requiring high tensile proper- 
ties in shell walls and invoiving severe diameter reduc- 
tions as well as wall reductions. The relatively soft bot- 
toms in copper shells do not withstand well the loads 
involved in severe reductions of diameter. For these 
particular severe jobs special coppers such as de-oxidized 
copper can be used. 

When drawing yellow brass (70-30 or 65-35) with its 
higher strength it is possible to obtain substantial di- 
ameter reductions as well as wall reductions before 
reannealing is found necessary. Brass jobs are usually 
laid out with about a 45% reduction of area from blank 
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4. Comparison of proper and improper annealing. Cup on right was drawn from copper which had been over- 
annealed. Note the rough orange peel type surface, which will require costly buffing and polishing operations. 


to cup and with about 30% redraw reductions between 
anneals. 

The harder, more refractory copper-base alloys 
such as the phosphor and silicon bronzes are also read- 
ily drawn, but require slightly more attention than with 
copper or brass. 


Spinning 

Although copper is generally considered to be one 
of the easiest metals to spin, soft tempered, brass, 
bronzes and the nickel silvers are also used extensively 
in industrial spinning. Tempers on all these alloys are 
well on the soft side, in the case of brass running around 
0.045 min. average grain size. Copper is ductile enough 
to take severe spinning without annealing. However, for 


intricate shapes the other copper alloys workharden 
faster and may require annealing. 


Cold heading and extrusion 
The non-leaded high brasses are especially suitable 


for cold heading operations and they generally can be 
upset about three diameters. Tempers of yellow brass 
wire for heading will vary from 7 to 40% hard as sup- 
plied, depending on the severity of heading operation 
and the shape or design of the bolt, screw or rivet. 

Low brasses (80% copper, 20% zinc) can be upset 
more than three diameters as can be the 2% type B 
silicon bronze (Cu98% Si 2%). The silicon bronze be- 
cause of its great ductility is successfully headed on 
stock with a 90,000 psi tensile. Leaded brasses contain- 
ing less than 2% lead are limited to 242 diameters and 
those containing more than 2% lead to 1% diameters 
as is the case with naval brass (Cu 60%, Sn 0.65%, Zn 
balance). 


Annealing in fabrication 


In the process of deep drawing shells or similar items 
in stages, it is often necessary for the fabricator to 
anneal or soften the previously cold workhardened metal 


TABLE 1 


Approximate annealing temperature ranges in fabrication 


Temperature 
for Additional 
Cold Working 
of Fabricated Size 


Metal 
Metal 
Temperature Average 
Producing Fine Grain 
Grain Structure Size 


Average 
Grain 


Items* 
750-950F 
925-1175F 
900-1150F 
850-1100F 
850-1100F 

1000-1200F 
1100-1200F 


Commercial bronze (90 copper, 10 zinc) 

Red brass (85 copper, 15 zinc) 

Cartridge brass (70 copper, 30 zinc) 

Yellow brass (65 copper, 34 zinc) 

Silicon bronze (97 copper, 3 silicon) 

Silicon bronze (98 copper, 2 silicon) 

Phosphor bronze, grade A (95.75 copper, 4.25 tin 
0.15 phosphorus) 

Nickel silver 18% grade A (65 copper, 18 nickel, 
17 zinc) : 


1080-1200F 


1100-1300F 


Keep annealing temperatures low unless experience dictates otherwise. 
* Subject to trial runs prior to actual production. 
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for Finishing 
650-800F 
775-975F 
750-900F 
700-850F 
700-850F 
925-1000F 
925-1000F 


900-1050F 


1050-1150F 


mm. 
020 
025 
025 
.025 
.025 
.020 
.020 


.015 


.020 
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ity of copper continued 


so sufficient ductility is restored for further cold work- 
ing. 
: Interstage annealing is readily carried out on copper 
and copper alloys. Table 1 is a chart showing the 
effect of annealing on various grades of copper and 
a table giving the approximate annealing temperature 
ranges of some typical copper alloys. 

Interstage annealing is very important and care must 
be taken to insure that it is properly carried out. If 
underannealed or heated at too low a temperature (be- 
low its recrystallization point) or too short a time, suffi- 
cient ductility may not be restored for performing the 
required additional cold working. 

On the other hand, if overannealed or heated at too 
high a temperature or for too long a period, an undesir- 
able large grain size develops. These large or coarse 
grains may cause (1) breakage during drawing because 
of the lowered tensile strength, or, (2) if the part does 
not break its surface may become so roughened, par- 
ticularly during drawing, that extra cost may be involv- 
ed for finishing if the part has to be plated. Excessively 
high temperatures will also increase the amount of oxi- 
dation (scale) of the metal (unless atmosphere-controlled 
furnaces are used) thereby necessitating longer pickling 
and dipping operations. 

Experimentally, the metal should be annealed at the 
lowest temperature possible in seeking the proper grain 
size and smoothest possible surface. Insufficiently an- 
nealed work can always be returned to the furnace for 
re-annealing at a higher temperature. On the other hand, 
the damage done by over-annealing at too high a tem- 
perature cannot be corrected. 

Variable factors such as the weight and distribution 
of load, size and shape of article and or sequence of 
anneals, type and condition of furnace, play such an 
important role in determining uniform metal tempera- 
tures that it is impossible to set up specific rules the 
fabricator may follow on time and temperature for an- 
nealing copper base alloys. The table listed on approxi- 
mate temperatures should serve as a guide. 


Hot Working 


Hot forging can be carried out on drop hammers, 
power presses or forging machines. Most commonly em- 


ployed are mechanical presses with one stroke of the 
press finishing the piece from the heated slug. The action 
is usually 2 combination of displacement and extrusion. 

From an engineering standpoint the advantages of 
forgings over castings are important in many applications 
— greater strength, toughness and freedom from poros- 
ity. Forging refines the structure of the metal, makes it 
more resistant to wear and fatigue. Copper brass forg- 
ings are smoother and cleaner in appearance, in many 
cases cheaper to finish than castings. When design per- 
mits, costly machining and assembly operations can be 
eliminated. 

Hot forging is generally more costly than cold forg- 
ing but is required for making intricate shapes and hol- 
low sections. Also, hot forgings are generally free from 
mechanical stresses sometimes associated with extreme 
cold working. Hot working does not workharden copper 
and copper alloys therefore hot forgings are generally 
not as strong as cold forgings. Exceptions are some of 
the aluminum bronzes, in particular the 7% aluminum 
2% silicon 91% copper alloy, which has a tensile 
strength of approximately 90,000 psi in the “as forged” 
condition. 

Many of the copper alloys especially those of the 
alpha plus beta type (less than 62% copper) can be 
forged, the greatest demand being for the brasses and 
particularly the high leaded or readily machinable alloys. 
Forging brass (Cu 59% Pb 2% Zn balance) is the alloy 
most commonly used. High tensile brasses (manganese 
bronze), nickel silver, electrolytic copper, tellurium cop- 
per and aluminum bronzes are also hot worked by this 
method. The table on this page lists the alloys commonly 
hot forged and pressed as well as usual mechanical prop- 
erties. 

Recent developments in the forging industry have 
brought about more extensive use of cored forgings 
made on mechanical presses with closed dies and mov- 
able coring punches. Billets are heated to forging tem- 
perature and placed between the die halves. The piece 
is formed when the hot, plastic like metal is extruded 
within the die to conform to the details of the die. These 
cored forgings have the same properties as solid forgings 
plus the fact that parts can be forged with parallel walls 
with long deep cores, cored four ways on the same plane 
and with accuracy to 0.005 of an inch. 

The material most used for these cored forgings is 
forging brass but electrolytic copper, tellurium copper, 
naval brass and aluminum bronzes are also employed. 


TABLE 2 


Electrolytic 
copper 
Analysis 


Tellurium 
copper 


Copper % 99:5 


Copper alloys commonly forged and pressed 


Naval 
brass 


Forging 
brass 


Leaded 
nickel silver 


Al, Silicon 
bronze 


59.0 60.0 45.0 91.0 
2.0 1.0 
“4D 2.0 Mn 
39.0 39.25 42.0 


7.0 AL 
2.0 Si 


0.50 Te 10.0 
Typical Mechanical Properties As Forged 


Tensile strength psi 32,000 52,000 60,000 70,000 90,000 
Yield strength psi 10,000 20,000 25,000 45,000 45,000 
Elongation % in2in......... 45 35 35 30 30 


Hot Forging Temperatures 


Ss 


1400-1600 1400-1600 1350-1500 1300-1600 


DESIGN ENGINEERING MARCH 1960 








Forging is easy with hot-pressed brass 


Smooth finish and close tolerances with this new production method 


W. H. Irwin 


Hot-pressed brass and bronze forgings incorporate spe- 
cial advantages for copper-base products. The subject of 
experiments by metal workers in Britain prior to World 
War I, techniques have been improved progressively 
under the impetus of mass-consumption economies. 
Brass forgings were introduced to Canada in 1952 and 
domestic output is now of the order of 700 tons a year. 


Ss 


Mr. Irwin, author of this article, is vice-president of 
Canada Metal Co. Limited, which is located in Toronto. 
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Exclusive DE| Feature 


Hot-forged parts are the result of a squeezing move- 
ment in two planes. This permits cavities and design not 
possible with the traditional drop forging, which is the 
result of a succession of hammer blows. 

Brass and bronze forgings are now frequently pre- 
ferred to sand castings or to fabricated components be- 
cause: 

(1) Smoother finish reduces preplating costs. 

(2) Reduced scrap generation both during the hot- 
forging and machining and finishing operations. 


continued ¥ 





2. These seven precision copper pipe fittings were made 
in a single pressing by a major Ontario manufacturer. 


3. Steam and hot water parts made from hot brass 
pressings. Freedom from porosity and no _ inside 
machining are the two feature considerations. 
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Copper forging continued 


(3) More consistency in homogeneity and dimen- 
sions. This enables faster chucking, machine speeds and 
feeds. 

(4) Reduction of porosity and inner flaws, and in the 
number of rejects, the machining of which prior to their 
discovery is costly when sand castings are used. 

(5) Closer tolerances, as little as 0.002 inch. As- 
pressed parts frequently need no sizing operation, are 
ready for thread cutting without preliminary forming. 

(6) Longer tool life, owing to elimination of sand 
inclusions and blow holes with their rapid attrition of 
tools. 

(7) Saving of metal. Thinner sections permitted by 
better physical properties. 

(8) Sharp and attractive letters and numerals on as- 
forged parts. 


Difficult shapes now easy 


Improvements in forging-press equipment, die design 
and techniques have enabled the production of difficult 
shapes, and the use of coring not possible in the early 
days of hot pressing. Where forgings have replaced con- 
ventional assemblies of cast and other types of parts, 
the number of parts required for fabrication has been 
cut as much as 50% and the number of assembly op- 
erations by an even larger percentage. 

First made commercially as an ammunition-fuse part 
in World War I, the pressing has expanded its appli- 
cations to several fields. These include refrigeration, 
automotive parts, compressed-gas equipment, engineer- 
ing and aviation, hydraulic lines, radar and electronics. 
The use of pressings has received considerable momen- 
tum from the growing popularity of copper tubing for 
domestic water and heating lines. The connectors join- 
ing the tubing are generally hot pressings. 


Brass pressings involve this sequence of operations: 


p» The heating of extruded or chilled-cast and clean- 
ed bars and billets to a semiplastic state. (Cold slugs 
can sometimes be used.) 


p» The feeding of the bars or billets to a position 
between steel dies in a press or hammer. In some 
cases, the part is formed in one operation; in others 
by stages, with severe die impressions. 


p» The subjecting of the billet to pressure, causing 
the metal to flow and fill out the contour of the die. 
Excess metal is known as “flash” and is subsequently 
trimmed away. 


Brass pressings are generally used for irregularly 
shaped parts in one plane. It is, however, possible to pro- 
duce cavities in two planes through the use of split dies, 
coring dies and sidearms. 


Limits to sizes and materials 


The limits to the size of pressings are determined: 
(1) on the minimum side — by the size of the billet 
which it is practical to handle, which is dependent partly 
on the experience of the maker and his operators and 
(2) on the maximum side—by the capacity of the presses 
available for the type of part wanted. On the minimum 
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Table I 


Alloys commonly hot-pressed or forged, and expected mechanical properties for the forged parts 





Tensile Yield Pct 
Metal strength strength elongation Rockwell 
1000 psi = 1000 psi = in 2 in. hardness Fe. Si 


Electrolytic copper 30 to 38 8to10 45to50 25to65 (F) 
Deoxidized copper 30 to 38 8to10 45to50 25to65 (F) 
Muntz metal 50to65 22to30 40to50 45to60 (B) 
Forging brass 50to65 22to30 35to50 45to60 (B) 
Naval brass 55to68 25to35 30to45 S0to65 (B) 
Leaded naval brass 55 to 68 25 to 35 25to40 S50to65 (B) 
High-silicon bronze (A) .. 50 to 65 18to24 50to70 35to50 (B) 
Low-silicon bronze (B) .. 40to55 16to22 S0to70 30to45 (F) 
Aluminum bronze 75to90 33 to40 15to30 75to90 (B) 
Aluminum-silicon bronze. 90to98 65to70 15to25 85to95 ({B) 
Manganese bronze (A) .. 65to75 35to45 25to45 65to80 (B) 
Manganese bronze (B) .. 85to105 S5to75 15to30 85 to 100(B) 
Nickel silver, 10 pct .... 90to100 35 to 45 20to30 65to75 (B) 


Nominal composition 

















* Fe, Sn, Mn, Zn may be present to 1.5 pct, remainder of analysis. 


Table If — Commercial dimensional tolerances 
Copper and copper-base alloy forgings (hot pressed) 








Sinetl forsines : Leaded High Aluminum Nickel 
mall forgings Muntz Forging Naval naval Manganese silicon silicon silver 
(weight up to 2 Ibs., incl.)* metal brass brass brass bronze (A) bronze (A) bronze 45-10 








Forging types 





.008 008 





with symmetrical cavity... ‘ .008 .008 





. Solid, 
with eccentric cavity 012 ; 008 .008 
. Solid, 
deep extrusion : .010 .010 








. Hollow, 
deep extrusion : <¢ .010 .010 








. Thin section, short, 
(up to 6” incl.) z f .010 .010 


. Thin section, long, 
(over: 6” to: 14” incl.) .... O15 015 015 015 








. Thin section, 
round 





Draft angles _ 
outside and inside 1° to5° % iY 


° 





Machining allowance 
(on one surface) 1/32 





Flatness : ; 
(max. deviation per inch) . 





Concentricity —— 
(total indicator reading) .. .030 .020 Pa — 





5/32 Ve y y L ¥% 


1/64 1/64 1/64 1/64 1/64 1/64 1/64 


3/32 1/16 1/16 1/16 1/16 1/16 y 1/16 


1/64 1/64 1/64 1/64 1/64 1/64 1/64 1/64 1/64 


Nominal web thickness 
tolerance 








Nominal fillet & radius 
Tolerance 





Sa 





Approximate 
flash thickness ....<....- 1/16 3/64 3/64 3/64 3/64 3/64 5/64 1/16 3/64 





* For tolerances applicable to forgings weighing more than two (2) pounds, consult the producers of forgings. 
Tolerances are plus and minus; if tolerances all plus or all minus are desired, double the values given (in inches except as shown) 


Sopoeoncneneppesessenesstessntoneenne 
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Copper forging continued 


Bessa satis 


size, pressings have been made weighing as little as 3 oz; 
on the maximum size, pressings to 14 pounds in weight 
and eight inches in diameter have been made in Canada. 

Any copper-base alloy which can be extruded can be 
pressed by the hot-forging process, although in practice 
only about 10 are regularly used. 

The most commonly used brass for pressing is the 
Duplex alloy, containing 58% copper, 2% lead and 
40% zinc, generally embraced by the British Standard 
specification 218 or ASTM B 124-alloy 2. 

Forging temperature for brasses and bronzes is 600C 
to 750C. The plastic stage for various alloys can be ob- 
tained from the relevant-phase diagram or constitution 
diagram. 

Control of heating temperature is of great impor- 
tance. A billet which is too cool will result in severe 
added stresses during the squeezing process, and can 
reduce quality and tool life. On the other hand, an ex- 
cessively hot billet will undergo separation of the grain 
structure. The part will be rough, with the surface ap- 
pearing crystallized. 

Of equal importance to the heating of the billet is 
the heating of the dies prior to the hot-pressing opera- 
tion. A good average for this is 250C. The dies are 
heated, otherwise heat would be transferred to them 
during the stamping process, resulting in distortion and 
subsequent cracking. 


Forging operation requires skill 


The actual forging operation calls for a good deal 
of skill on the part of the operator in adjusting the stroke 
of the press and the pressure of the squeeze applied, de- 
pending on the size of the part, the alloy being forged 
and the working temperatures. Only thus is it possible to 
produce at a speed in keeping with the expected eco- 
nomics of the hot-forging process. 

Choice of the appropriate press for a given part is 
of vital importance. There are mainly three types of 
press. Drop hammers have been used for some basic and 
crude forgings. It is, however, necessary to use crank 
presses and eccentric presses for the introduction of 
cores. With the crank press it is possible to make parts 
with parallel sides, with no draft angle, and this helps 
to avoid machining. These dies, of course, are more 
costly. Made from material of round section, they are 
comprised of more than two pieces. Many parts of 
the dies slide over one another to enable the plastic brass 
to be pushed to flow in the required direction, or to be 
extruded to shape. Ejectors are a necessary part of the 
crank press-die design, and they accelerate the operation 
of pressing. 

The pressing operation involves the use of some 
lubrication for good metal flow and ejection of the 
part. In this area the judgment of the press operator is 
of great importance. A pressing can be made or marred 
by the type of lubricant and its application, although 
usually a high-grade graphite grease is satisfactory. 


Three main die designs 


Die design falls into three classifications: 

1. Open, with one plane of parting. 

2. Extrusion. The metal flows into an annular space 
between the punch and the die cavity. 
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3. Split. These dies permit the forging of flanges and 
other projections, which could not otherwise be removed 
from the dies. 


The greater strength and toughness of hot forgings 
and pressings is rightfully attributed to a compacting and 
refinement of the grain, or fibre of the material by the 
forging process. In parts designed for strength, the grain 
or fibre should be worked into a position parallel to the 
principal stresses likely to occur in the parts. The grain 
should never be permitted to run transversely to the axis 
of the greatest bending stress. Since hot forgings and 
pressings are made from brass rod and shapes in which 
the fibre already runs longitudinally, the arrangement of 
the fibre in the finished part should assure a product of 
maximum strength. 

Dies are made of hardened steel, accurately ma- 
chined and polished and anticipate the behavior of the 
metal under heat and pressure. 


Good die design makes allowance for shrinkage of 
the forging in cooling and for its release from a vertical 
cavity-wall die. The draft angle necessary for freeing the 
forging from the die is from one to five degrees (Com- 
mercial Dimensional Tolerances), one degree being equal 
to 0.0175 inch slope per inch of depth. Draft tolerance 
is 1% degree. Design should provide adequate radii on 
inside and outside fillets, avoid undercuts and rapid 
changes in section. Cavity walls should not be necked 
down or so close together as to restrict the free flow of 
metal. 


Since the quantity of metal in the forging billet must 
always exceed that of the finished forging, the die con- 
tains a gutter or relief area for excess metal or flash. 
Controlling the amount of flash sometimes involves pre- 
stamping of an extrusion of roughly the same section as 
the component. 


Cost conscious industry 


From the foregoing it is apparent that the manu- 
facture of hot forgings has been carried to a high degree 
of efficiency. Since the industry has had to supplant com- 
petitive processes, it is extremely cost-conscious. The 
cost factors in forging are: 

1. The number of parts to be pressed. 

2. The composition of the alloy. 

3. The design of the part. 

4. Projected fabrication methods. 


The best way to determine the applicability of the 
forging process to a given part is to consider: 


Quantity. This involves weighing the number of parts 
to be made against anticipated die life. Where runs are 
very large, a master die can be made and working dies 
reproduced from it. 


Material. Selection will take into consideration the physi- 
cal requirements of the alloy, its adaptability to fabri- 
cation, machineability, ease of joining to other metals, 
and the type of finish desired. 


Design. Will take into consideration the economics of 
the pressing process against other processes, emphasizing 
the cost of rejects and of secondary machining opera- 
tions. 

Determination of the cost of pressings and the ad- 
visability of using them is basically a matter for close-in 
cost accounting. * 
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r. Phosphoriecd copper ead for distillation column ge ecaelk using argon et tungsten-arc. Cu. 372 filler. 


Mechanical joining of copper is simple 


Brazing — soldering — welding — all the well-known processes are used 


J. Imperati 


Practically all metals can be joined with varying degree 
of ease and practicability, by means of welding, brazing 
and soldering processes. Copper and its alloys are no 
exception. 

The comments offered here are generally true for 
most of the usual applications. However, it must be em- 
phasized that mechanized welding and use of elaborate 
fixturing devices often make it possible to obtain good 
results with processes and metals that usually are not 
compatible. It is therefore urged that expert advice be 
obtained in cases where welding is desirable but appears 
to be impracticable. 


Soldering 


The American Welding Society (AWS) defines sol- 
dering as a group of processes employing alloys melting 
below 800F applied to metals which are not in them- 
selves melted. General purpose solders are the well- 
known tin-lead alloys. However, many other com- 
binations, such as tin-antimony, tin-silver, tin-zinc, 
lead-silver, and cadmium-silver have been in wide usage 
for service at elevated temperatures, for soldering alu- 
minum, and for other special purposes. 


Mr. Imperati is with The American Brass Company, an 
associate of Anaconda American Brass Limited, New 
Toronto, Ontario. 
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Exclusive DE] Feature 


With fluxes available in a wide variety ranging from 
non-corrosive rosin to the very active chloride mixtures, 
it is possible to solder successfully practically all the 
copper-based metals. The exceptions are the aluminum 
bronzes, and for consistently good results it is advisable 
to plate them first with solderable metals. 


Brazing 


The AWS definition of brazing is the joining of 
metals which themselves are not melted, by alloys 
melting at temperatures above 800F. Thus, it covers the 
brazing of brass with silver alloys that melt at tempera- 
tures as low as 1,200F, and the brazing of cupro nickels 
and ferrous metals with copper which melts at 1,976F. 
The definition also calls for joints designed with closely 
fitted surfaces so that the molten brazing alloy can be 
drawn into them by capillary attraction. Brazed joints 
depend for their mechanical properties on the shear 
strength of thin films of brazing filler metals, whereas 
welds derive their properties from the cross-sectional 
tensile strengths of the metals that are fused to make 
them. 

Copper, and the copper alloys, with the exception 
of the aluminum bronzes, are readily brazed with the 
standard silver and copper-phosphorus filler metals of 
ASTM B260. The aluminum bronzes develop very re- 
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Joining copper continued 


fractory oxides on heating and, while special fluxes 
have been developed to assist in brazing them, extreme 
care must be exercised in cleaning them before fluxing 
and heating. 

The silver alloys are predominantly silver and cop- 
per, and many are alloyed with zinc and sometimes 
with cadmium. They may be used on all the copper- 
based metals. The copper-phosphorus types sometimes 
have silver added. They are used on all the copper-based 
metals, but are not recommended for joining the cupro 
nickels because the formation of brittle nickel-phos- 
phorus compounds may impair joint qualities. 

Brazing is the preferred choice for joining any of 
the leaded alloys. Brazing is done without melting the 
base metals, so it avoids the problems raised by the 
porosity and cracking that usually accompany attempts 
to weld these alloys. 


Welding 


All of the lead-free copper-based metals can be 
joined by welding, using one or more of the available 
welding processes. Oxyacetylene and electric-arc weld- 
ing usually employ filler metals to complete the joints, 
and the standard welding rods and electrodes described 
in ASTM B259 and B225, respectively, are listed in 
Table 1. Electric resistance welding does not require the 
addition of filler metals to the joints. 

The selection of a joining process is influenced by 
many factors, among which are the advantages and 
limitations of the processes and the limitations, if any, 
of the metals. These factors, as they apply to the choice 
of welding process, are described briefly in the com- 
ments that follow under the major base metal group 
headings. 


Group 1. The coppers 

Two classes of copper are available and must be 
considered as widely different if they are to be brazed 
or welded by arc, flame or furnace processes. They are 
the oxygen-bearing coppers, like electrolytic tough 
pitch, and the oxygen-free ones, like phosphorized cop- 
per. 

In the first, oxygen is present as minute particles 
of cuprous oxide. In the wrought metal this oxide is 
scattered uniformly throughout and does not affect 
mechanical or electrical properties. However, as is well 
known, hydrogen easily diffuses into hot copper, and its 
reaction with the oxide results in the familiar embrittle- 
ment or “gassing” phenomenon. Welded or brazed 
joints in oxygen-bearing coppers can show seriously re- 
duced joint properties due to this process. 

The oxygen-free coppers are not saddled with this 
source of weakness, therefore brazing and welding can 
be done on them with full confidence in the results. It 
is recommended that whenever the maximum joint 
properties are required, phosphorized copper base metal 
be used instead of electrolytic tough pitch copper. 

The inert-gas shielded arc processes have proven to 
be the most efficient means for welding copper, and are 
used almost exclusively now to the exclusion of other 
arc processes and oxyacetylene welding. In tungsten- 
arc welding helium is the preferred shielding gas. It 
increases weld-metal fluidity, improves fusion of weld 
and base metal, and lowers the temperature level re- 
quired when preheat has to be employed. However 
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argon can also be used satisfactorily if allowance is 
made for higher heat input. In consumable electrode 
welding the shielding gas is usually argon; helium pro- 
duces too much spatter and, if used at all, it would only 
be in an argon-helium mixture. 

Regardless of the welding process used, sound welds 
cannot be produced with ordinary copper filler metal. 
The filler metal must be an alloy with small additions 
of elements like silicon, manganese and tin to suppress 
porosity and improve its strength. A patented alloy of 
this type which has been successfully used for some 
years now has nominal copper content of 98.8%, and 
so avoids any objections that may be raised as to its 
corrosion resistance. It also is the only filler metal that 
will produce code-quality joints; when used on phos- 
phorized copper the welds made with it develop me- 
chanical properties that meet the requirements of Sec- 
tion VIII of the ASME Boiler and Pressure Vessel 
Code. It is marketed in straight lengths and as spooled 
electrode wire. 

Preheat is usually required on thickness above 3/16 
in. When helium is used for shielding the preheat tem- 
peratures range from 500 to 1,000F depending on metal 
thickness. With argon the preheat temperatures may 
have to reach 1,400F on heavy work. Preheating, of 
course, will oxidize the work, so a light application of 
flux before heating starts, and also before welding, will 
help overcome the handicap that the oxidized surfaces 
may present. 

Oxyacetylene may be done successfully on phos- 
phorized copper. It has been almost completely sup- 
planted by inert-gas arc welding but is used occasionally 
on thin metal because it offers somewhat easier control. 
The alloyed filler metal described above is also the most 
successful for oxyacetylene welding. 


Carbon-are welding is an economical arc process 
that has sometimes been used on applications that do 
not require welds of high copper content. It is only 
done with filler rods of copper-silicon alloy or phosphor 
bronze. 


Metal-arc welding with fluxed electrodes is not 
successful on copper. The high heat requirements result 
in violent spatter and very poor control and the weld 
metal usually proves to be porous and full of slag and 
flux inclusions. 

Resistance flash-butt welding is successfully per- 
formed on copper wires and bars. However, resistance 
spot and seam welding of sheet metal is practically im- 
possible due to the high heat requirements and because 
the electrodes weld very easily to the work. 


Group 2. Low zinc alloys 

Brazing is preferred to welding on these alloys be- 
cause it is more easily done, results are consistent, and 
it avoids porosity often developed in welding. 

Oxyacetylene welding may be done but it requires 
use of copper-silicon alloy filler rod to make sound 
joints with good color match. 

Arc welding is handicapped by zinc vaporization 
and porosity. However inert-gas tungsten-arc, and car- 
bon-arc welding may be done with good results if 
copper-silicon alloy filler rod is used. 

Metal-arc welding with fluxed electrodes is not rec- 
ommended. Spatter and poor control result in welds 
with voids and inclusions. 

Resistance flash-butt and spot welding is done suc- 
cessfully on the lead-free alloys. Seam welding is not 
practicable because of high heat requirements. 
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4. Fractionating tower 30 feet long and 10 feet in dia- 
meter is made of phosphorized copper—and all-welded. 


Group 3. High zinc alloys 

Color matching welds in these alloys may be made 
by oxyacetylene welding with low-fuming bronze rods. 
However, if corrosion resistance is important, as on 
Admiralty metal, welding rods of copper-silicon alloy 
must be used, or the joints must be designed for braz- 
ing with silver or copper-phosphorus alloys. 

Arc welding is difficult due to zinc vaporization. 
However, with copper-silicon filler rods it is possible 
to weld relatively thin metal by the inert-gas tungsten- 
arc and carbon-arc processes. 

Resistance flash-butt welding of wire and bar, and 
resistance spot welding of sheet metal are done success- 
fully on the lead-free alloys. Seam welding is not prac- 
ticable. 


Group 4. Nickel silvers 

Brazing is the most easily performed joining process 
and is most widely applied in architectural uses. 

Color matching welds are possible on some alloys 
by oxyacetylene welding with nickel bronze filler rods. 

Arc welding is seldom done. It is necessary to use 
zinc-free rods, such as copper-silicon alloy, and the 
welds then are too conspicuous because of their color. 

All forms of resistance welding can be done success- 
fully on the lead-free nickel silvers. 


Group 5. Copper-silicon alloy 


The copper-silicon alloy filler metal used for all the 
processes that require it is practically of the same com- 
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3. Fifteen thousand gallon Everdur tank for brewery. 


5. Water boxes for steam condensers on an aircraft 
carrier call for copper plate and steel flanges. 


position as the usual base metals, so that color match 
is excellent and corrosion resistance identical. 

The inert-gas shielded arc processes are the most 
widely employed and with them it is possible to make 
joints whose properties meet the requirements of Sec- 
tion VIII of the ASME Code. Shielding gas for tung- 
sten arc welding may be helium or argon, but argon 
is used for consumable-electrode welding. 

Oxyacetylene welding, though seldom done now, 
produces excellent results. 

Carbon-arc welding is an economical and easily 
employed process, and is occasionally used where it is 
not necessary that the joints develop the high properties 
available from inert-gas arc welding. 

Metal-arc welding with fluxed electrodes is seldom 
employed except for applications where only moderate 
joint quality is required. Spatter, poor control, and in- 
clusions make weld-metal deposits of inconsistent and 
questionable quality. 

All the resistance welding processes can be em- 
ployed with excellent results. 


Group 6. Phosphor bronzes 

It is not possible to make welded joints in these 
alloys and develop the strength of the annealed base 
metals. Therefore, where possible it is advisable to con- 
sider use of a brazing process. 

However, if welding must be done, then moderately 
good results can be obtained by carbon-arc or inert-gas 
tungsten-arc welding with the standard copper-tin weld- 
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Joining copper continued 
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ing rods, or by metal-arc welding using the standard 
fluxed copper-tin alloy electrodes. Care must be taken 
with the latter to minimize the production of voids and 
inclusions in the weld metal, and preheating, especially 
on heavy sections, will help to do so. 

Oxyacetylene welding is not satisfactory because 
of extreme weld-metal porosity. 

Resistance flash-butt welding is successfully done on 
wire and rod, and so is resistance spot welding on sheet. 
Seam welding is extremely difficult due to high heat 
requirements and welding between electrodes and work. 


Group 7. Copper-nickel alloys 

Welding filler metals for these alloys are all based 
on the 70-30 cupro nickel composition. 

Fluxed electrodes that perform well in all positions 
are available for metal-arc welding. They produce excel- 
lent results on all the copper-nickel alloys; strength is 
more than what is needed on the 80-20 and 90-10 base 
metals, and corrosion resistance is not impaired by the 
difference between weld and base metal compositions. 

A specially alloyed filler metal is employed for inert- 
gas arc welding. It develops the full strength of the 
annealed 70-30 base metal and can be used with excel- 
lent results also on the other copper-nickels. It is mar- 
keted as straight lengths of welding rod and as spooled 
electrode wire. 

Another special welding rod is available for oxy- 
acetylene welding of the 70-30 alloy. It may also be 
used with good results on the other copper-nickel alloys. 

All resistance welding processes are successfully 
applied in joining the copper-nickel alloys. 


Group 8. Aluminum bronzes 
The copper-aluminum filler metal alloy shown in 
Table 1 is generally used in welding the aluminum 


bronzes. There are others with higher aluminum and 
iron contents, but they appear to have but little advan- 
tage, if any, in quality of deposited weld metal, and are 
more costly to produce. 

The aluminum bronzes develop refractory oxides 
very easily on heating and welding operations and are 
severely hampered by them. However, the inert gas 
consumable-electrode process overcomes this handicap 
very well and should be considered first choice when- 
ever it can be efficiently applied. Argon is used for the 
shielding gas. Preheating is generally not necessary. 

Inert-gas tungsten-arc welding is useful where welds 
can be completed in one pass. Fluxes are offered for 
use with this process where interfering films develop on 
multipass welds in heavy sections. Helium may have a 
slight advantage over argon for the shielding gas, and 
some users believe that alternating current is more 
effective than the straight-polarity direct current usually 
employed for this process. 

Fluxed rods are available for use with the carbon- 
arc process. There is apt to be some spattering of the 
weld metal because it is readily superheated under the 
insulation produced by the slag on the weld pool, and 
this can produce voids and inclusions in the joints. 

Fluxed electrodes are available for metal-arc weld- 
ing. Their action is violent and erratic, especially if the 
flux coatings are not kept dry, and the weld deposits 
tend to show considerable porosity and entrapped slag. 

Oxyacetylene welding is not practicable. 

All the resistance welding processes can be applied; 
spot and seam welding of sheet should not be difficult 
if the surfaces are free of oxides before welding is at- 
tempted. 

The foregoing is a brief summary of what is prac- 
ticable with the well-known joining processes and the 
more commonly used copper-based metals. As indicat- 
ed, many other combinations are possible, and the 
members of the copper industry will be glad to advise 
for special conditions. 


tenses 


Table 1 
Standard welding rods and electrodes 


AWS 


Composition-percent (max. except as noted) 





Name Classification Cu Zn 


min. 


Sn 





Copper RCu, ECu 98.0 





Copper-silicon 


RCuSi-A, ECuSi 94.0 
(silicon bronze) 





Copper-tin RCuSn-A, 93.5 


ECuSn-A 


Phosphor bronze ECuSn-C 90.6 





Copper-nickel RCuNi, ECuNi 66.3 





Naval brass RCuZn-A 57 





Low-fuming 
bronze (nickel) 


RCuZn-B 56 





Low-fuming 
bronze 


RCuZn-C 56 





Nickel bronze RCuZn-D 46 


scented aadiaasenaaitneenasininineianieiinees 
Bs 





Copper-aluminum 


RCuA-A2, 
(aluminum bronze) 


ECuA1-A2 


es 


state 
sa 
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Physical Properties of Copper 


Exclusive DE| Feature 


Canada’s copper is refined by the electrolytic process 
which is capable of refining the metal to a very high 
degree. The purity of the product generally exceeds 
99.97%. 

Electrolytic refining is carried out in tanks of acid- 
proof construction through which is circulated warm 
diluted sulphuric acid and copper sulphate. The thick 
anodes, which have already passed through other pro- 
cesses to bring them to about 99% purity, are suspend- 
ed in the tanks and are inter-leaved with thin sheets of 
pure copper called “starting sheets”. On the application 
of an electric current the anodes slowly dissolve and 
pure copper is deposited on the starting sheets, which 
thus act as cathodes. 

Subsequently the cathodes are either sold to industry 
or are re-melted in reverberatory or direct arc-type 
electric furnaces and cast into regular shapes such as 
horizontally cast wire bars, ingot bars and ingots, or 
special shapes which include vertically cast wire bars, 
cakes and billets. 


Two common types 


Two types of copper are in most common use. These 
are known as electrolytic tough-pitch copper and de- 
oxidized copper. 


Electrolytic tough-pitch copper, contains a con- 
trolled amount of oxygen in the range of 0.02 to 0.05% 
and has a minimum electrical conductivity of 100% 
I.A.C.S. It has long been the standard type of com- 
mercial wrought copper used for the production of wire, 
rod, plate, sheet and strip. 


Deoxidized copper, is produced by introducing 
phosphorus as a deoxidizing agent to assure the re- 
moval of all of the oxygen. Phosphorus deoxidized 
copper with residual phosphorus is generally character- 
ized by high softening temperature, free scaling prop- 
erties, and resistance to hydrogen embrittlement. These 
properties are particularly desirable when the fabricated 
product is to be welded or brazed. Hence, the deoxi- 
dized copper finds most common use in pipe and tube 
applications. The phosphorus additions may be varied 
to meet the particular demands of the fabricator. In 
general however these fall into two classes namely: 


D.H.P.—High residual phosphorus copper, the de- 
oxidized copper with residual phosphorus in the range, 
0.013 to 0.040%. This is sufficient to decrease ap- 
preciably the conductivity of the copper. Material in 
this class will have conductivity of 75 to 95%. 


D.L.P.—Low residual phosphorus copper, the de- 
oxidized copper with residual phosphorus in the range, 
0.004 to 0.012%. In this case the residual phosphorus 
is usually too small to decrease appreciably the con- 
ductivity of the copper. In fact, at the upper limit of 
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0.012% phosphorus, the conductivity is usually in the 
order of 96.6%. 


Basic properties of copper 
Description 


Copper is a metallic element with atomic number of 
29. It is the only red colored metal, is non-magnetic, 
and may be used in its pure form, or alloyed with many 
other metals to provide a widely diversified range of 
physical properties. 


Specific gravity and density 

The specific gravity of copper as used for drawn 
wire and tube is usually taken as 8.89 at 20C. with 
weight as 0.321 Ib/cu in. or 555 Ib/cu ft. The weight 
of commercial copper in the cast condition is normally 
taken as about 0.31 1b/cu in. 


Melting point 


The melting point of copper is 1981 F. When melt- 
ed in an oxygen-rich atmosphere, copper may absorb 
oxygen and its melting point will be lower than the 
above figure, but not less than about 1949 F. 


Boiling point 
The boiling point of commercial copper is about 
4217 F. For pure copper (no oxygen or phosphorus, 


maximum impurities 0.002%) the boiling point is 
4703 F. 


Tensile strength 


The mechanical properties of copper, and indeed of 
all metals and alloys, are dependent to a very great 
extent upon physical condition, and differ widely ac- 
cording to whether the material is “as cast” or whether 
it has been “worked”, and also upon the extent and 
manner of working. Copper as cast has a tensile 
strength of about 11 to 12 tons/sq in. Rolling, forging 
or other types of hot or cold working, followed by an- 
nealing, modify the structure of cast copper, and raise 
its tensile strength. Hence, in the wrought and annealed 
condition the tensile strength of copper is upwards of 
14 tons/sq. in. In cases where copper is annealed after 
severe cold working, tensile strength often exceeds 16 
tons/sq in. Very heavily cold-worked copper, which is 
generally in wire form, may possess a tensile strength 
up to 30 tons/sq in. which is about the limiting value 
encountered in practice. 


Elongation 
Elongation figures for copper vary widely with its 
physical condition. On 2”, figures for cast copper are 


Mr. Wardell, author of this article, is manager of the 
Canadian Copper and Brass Development Association. 
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Physical properties continued 


25% to 30%, for cold-worked copper from 5 to 20%, 
for copper annealed after cold-working from 50 to 
60%. 


Shear strength 


The shear strength of annealed copper is about 
three quarters the strength in tension, falling to ap- 
proximately one half of the tensile strength for heavily 
cold-worked material. 


Temper of copper 


The figures above have shown the variance in phys- 
ical properties that are possible, depending on whether 
the metal is in the cold-worked or the annealed condi- 
tion. Basically, as the amount of cold-working in- 
creases, so does the tensile strength and hardness in- 
crease, but at the same time there is a reduction in 
ductility. 

Many steels may be hardened by quenching and af- 
terwards softened to the required temper by re-heating 
at various temperatures, whereas for copper the proc- 
ess is begun from the softened, or annealed, condition, 
and the tempers obtained by submitting the metal to 
different degrees of cold-working. For making a given 
product a temper should be chosen which will permit 
the metal to have the required hardness after process- 
ing. Two of the important advantages of copper, are 
the large amount of “working” possible before the 
metal becomes hard, and the simplicity of the annealing 
process. For extreme “heavy-working” operations, an- 
nealing may readily be included at the necessary 
intervals to produce the desired result. 


Modulus of elasticity 


Young’s Modulus for copper has been assessed by 
various investigators at values between 16 and 19x10* 
lb/sq in. The value which is usually accepted for hard- 
drawn copper in wire, rod, and other forms, such as 
are used for electrical purposes, is 18x10® Ib/sq in. 


TABLE 1 
Some properties of metals 


Coefficient 
of Linear 

Expansion 

per °C. at 

20°C: x 10-* 


Relative 
Thermal 
Conduct- 

ivity at 


Relative 
Electrical 
Conduct- 

ivity at 





Magnesium ... 
Zinc 


Electrical properties 


Copper has long been the choice of electrical engi- 
neers, having a comfortable margin with respect to 
conductivity over all the other common metals. Only 
silver has a higher conductivity. The international 
standard for electrical conductivity, 1.A.C.S., is based 
on the electrical conductivity of copper being 100%, 
and great care is taken by the copper producers in 
their quality control of purity, to ensure this exception- 
ally high conductivity rating. The figure of 100% 
1.A.C.S. does not represent the highest possible con- 
ductivity, and copper in the annealed condition fre- 
quently attains a conductivity of 101% or even 102% 
1.A.C.S. The relative electrical conductivity of various 
metals is shown in Table I. The resistivity of electro- 
lytically refined copper is usually taken as, 0.15328 
international ohm-gram/ meter? at 20 C. 

As already pointed out, an exceptionally high stand- 
ard of purity is maintained to give, as its return, an 
exceptionally high standard of conductivity. However, 
fractional percentages of other elements may be added 
to enhance certain properties for electrical work. 
Basically, cadmium will increase wear resistance, Chro- 
mium gives greater strength, silver gives higher creep 
resistance at elevated temperatures, and tellurium im- 
proves machinability. 


Thermal properties 


As may be expected, the natural relationship be- 
tween electrical and thermal conductivity, places copper 
in the exceptional ranks with regard to this latter 
property. Again it holds a comfortable margin over 
other common metals and is exceeded only by silver. 
The thermal conductivity for the purest forms of com- 
mercial copper possessing an electrical conductivity of 
almost 102% I.A.C.S., is 0.941 calories/sq cm/cm/ 
sec/°C/at 20 C. For copper with 100% conductivity 
a value of 0.92 c.g.s. units may be used. Relative 
thermal conductivity values for commercially pure 
metals are included in Table I. 

Thermal conductivity is reduced by the presence of 
impurities in approximately the same manner as is 
electrical conductivity, but there is a slight deviation 
from a general relationship of these two properties. 

The specific heat of copper at normal temperatures 
is 0.092. This value increases linearly with rise of tem- 
peratures, so that at 300 C it becomes 0.098, and 
1000 C, 0.13. The co-efficient of linear expansion of 
copper over a temperature range between 20 and 
100 C is usually taken as 16.6x10-* per C, or 9.22x-10- 
per F. Relative co-efficients of linear expansion of 
common metals are shown in Table I. 


Summary 


The foregoing is a brief outline of the fundamental 
facts and figures on the physical properties of copper. 
Other properties of equal importance to the design 
engineer, such as ease of fabrication and resistance to 
various types of corrosion were not considered in the 
limited space. Nor did we introduce the vast field of 
copper alloys, which now number in the region of 750, 
each designed to do a particular job with greater 
efficiency. 

The greater part of the work of the Canadian 
Copper & Brass Development Association is in the 
distribution of highly technical literature, and the 
answering of technical questions as they apply to 
particular applications. Our services are available to 
all interested, free of charge, and we are ready to assist 
in every possible way at any time. 
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I. One of the most critical and selective applications of copper in the electrical industry is magnet wire. 


Copper is ideal electrical conductor 


Use in magnet wire calls for close attention to insulation, says expert 


K. Alexander, P.Eng. 


Copper is essential to the electrical industry as we know 
it today and likewise the electrical industry is probably 
the copper industry’s best customer. The reason for 
this preference for copper is, of course, its high elec- 
trical conductivity. Copper has the highest electrical 
conductivity of any base metal, being exceeded in this 
respect only by silver. 

In addition to the conductivity, other properties 
which make copper so valuable to the electrical industry 
are its excellent malleability, tensile strength and yield 
strength, ease of soldering and corrosion resistance. 
Most of the copper used in the electrical industry is in 
the form of round wire. The wire is strong enough to 
be self-supporting under most applications and can be 
readily joined by mechanical methods or by soldering. 

One of the most critical and selective applications 
of copper in the electrical industry is for the manufac- 
ture of magnet wire. In this application careful con- 
sideration must be given to the bare conductor material 
and its method of manufacture in order to meet the 
quality demand of the market. 


Magnet wire defined 


Magnet wire, as conceived by Joseph Henry more 
than 125 years ago, is a continuous length of conducting 
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metal. It is capable of being wound either by form or 
in random manner on a supporting arbor, or in or on an 
insulated ferromagnetic armature or core for the ex- 
press purpose, in the completed device, of carrying 
electrical current for the establishment of an electrical 
field associated with the magnetic circuit on which it 
is wound. The insulation on magnet wire is present 
only to separate individual turns so that only one wire 
path is open to the passage of electrical current. Line 
voltage stresses are not borne by the magnet wire 
insulation, but by added supporting insulation in the 
form of solids (such as tapes, varnishes and cast-resin 
blocks), liquids (such as oils), and gases (such as sulfur 
hexafluoride). 

Since magnet wire is likely to be the major source 
of heat (I2R loss in the conductor) the magnet wire 
insulation is most likely to be subjected to the hottest 
spot temperature in a given device. In addition, the 
insulation is normally in a position least able to be 
cooled and is dependent on associated insulations or 
media to dissipate heat. 

The high dielectric strength of many of the more 


Mr. Alexander, author of this article, is magnet wire 
engineer with Canada Wire and Cable Company, 
Simcoe, Ont. 





Magnet wire continued 


recent magnet wire insulations has tempted some users 
to ignore the basic definition of magnet wire and to 
eliminate some portions of supporting insulations in the 
quest for economy of design. This is considered unwise 
for the following reasons: 

(1) Magnet wire insulation, unless in very heavy 
coatings, is permitted a number of unavoidable dis- 
continuities of microscopic size per hundred feet of 
conductor. 

(2) Unavoidable winding damage may occur. 

(3) Contamination may cause failure where the 
wire enamel is relied on for high voltage insulation. 

(4) Surge voltages may exceed the dielectric 
strength of the film. 

In the magnet wire definition are the words “capable 
of being wound.” In this respect, such properties as 
conductor hardness, insulation flexibility, abrasion re- 
sistance and adherence are very important as a serious 
deficiency in any one property will drastically limit 
their application in coils for the electrical industry. 


Conductors 


No other usable metal except silver and gold has 
a conductivity as high as that of copper. With proper- 
ties unmatched by other metals, copper has always satis- 
fied the majority of needs of the electrical industry. 
For magnet wire applications bare copper conductors 
in round, square or rectangular shapes are rolled and 
drawn from a copper bar. In the drawing operation the 
rod or wire is pulled through a series of integrated dies 
by a series of stepped-up power blocks to compensate 
for the increasing length of wire. During this operation 
a copious supply of lubricant is necessary and soap 
solutions of varying fat content are used. In this 
manner, round copper wire is produced for magnet wire 
varying in diameters from .1620 in. to .0020 in. and 
finer. After the drawing operation, the copper wire 
produced has been work-hardened and it is necessary 
to use systems of intermediate and final anneals to 
produce the ductility required in the final product. 

For all magnet wire applications great care is taken 
in the selection and processing of copper into either 
round or rectangular wire. Conductor hardness in the 
finished product often creates winding difficulties. This 
is most acute in specially shaped coils where spring- 
back problems make a soft wire a necessity. Space 
factor problems in many applications also demand a 
soft wire. This practice, however, can be overdone 
where very soft magnet wire is excessively stretched. 
For adequate mechanical characteristics not only should 
the tensile strength be in the range of 35,000 to 38,000 
psi, but the elongation and bendability should be as 
high as possible. Thus, the best performance character- 
istics may be expected from wire showing the largest 
area under the load elongation curve. In rectangular 
magnet wire some types of bending create serious prob- 
lems in flexibility and adherence. This is particularly 
brought out in the edge-wise bending of rectangular 
magnet wire where the ultimate in copper quality and 
processing is required to produce the desired results. 

In recent years there has been a great deal of 
impetus to develop magnet wires that are suitable for 
use in equipment operating at elevated temperatures. 
This is one area in which copper has been challenged 
as a conductor. 

It is known that substitution of other metals such as 


aluminum and nickel for copper as a conductor can, 
in some cases, result in a higher thermal stability of 
the magnet wire. This is explained by the fact that 
copper shows some catalytic action in the aging of 
enamel while aluminum and nickel do not. Since this 
advantage is not completely realizable due to decreased 
conductivity of the conductor, very promising work is 
being done on aluminum conductors with a layer of 
aluminum oxide under the enamel coating and on 
copper conductors with a thin coating of aluminum 
paint under the enamel coating. 


Magnet wire insulations 


Magnet wires may be grouped into three categories 
based on the type of insulation used. These are film- 
coated, fibre covered and film taped. Various combina- 
tions of these insulations may be obtained as the demand 
arises, 


> Film coated types. Produced by applying multi-coats 
of thin wet films of varnish on a wire, and baking or 
fusing the resin portions of each coating in an enamel 
oven. It is necessary to reach the desired coating build- 
up in a number of thin coats in order to eliminate en- 
trapped solvents from the final film coating. This group 
is characterized by excellent space factor and flexibility, 
smooth appearance, high dielectric strength and often 
good moisture resistance. They are often used where 
space requirements are stringent and where special 
shaping of the coils is necessary. Shortcomings of the 
group are inability to withstand adverse winding condi- 
tions, lack of resistance to cut through, loss of dielectric 
strength upon cracking either from solvents, winding, 
baking, or aging, and failure to withstand environ- 
mental conditions. 


» Fibre covered types. Produced by helically wrap- 
ping single or multi-layers of fibre or tape strips around 
the conductor, and using adhesives, bonding materials 
or varnishes to cement the materials in place. The 
insulation is of the spacing type and is exceptionally safe 
from overloading. Shortcomings of this group are lack 
of moisture and contamination barrier, poor space 
factor, poor coverage on sharp bends, lack of con- 
solidation in multi-layer coils (may lead to poor heat 
transfer). 


> Film taped types. Produced by helically wrapping 
one or more layers of plastic film tapes over the con- 
ductor. These films may or may not be bonded or 
heat-sealed. This insulation has higher dielectric 
strength than the fibre types, usually better resistance 
to cut through than the film types, better resistance to 
moisture and contamination than the fibrous types and 
good resistance to winding abuse. Shortcomings are 
poor space factor, poor flexibility and opening of tapes 
on sharp bends. 

The activity in syathetic polymer chemistry in the 
past fifteen years has had a profound bearing on the 
magnet wire insulation field. Up to the 1930’s the 
magnet wire industry had relied on a natural drying oil 
type of oleoresinous enamel for a coated insulation and 
natural fibres such as cotton and silk for wrapped 
insulations. 

During the 1930’s two new synthetic resins became 
available to the electrical industry namely, polyvinyl 
acetal or formval and polyamide or nylon. The historic 
adaption of these synthetics to magnet wire insulation 
revolutionized the electrical apparatus field. These new 
products had such superior mechanical properties that 
new high speed coil winding equipment could be 
utilized. 
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A bank of fine wire drawing machines in operation at the Canada Wire and Cable plant in Simcoe. 


The success of formvar and nylon was so pheno- 
menal that greater activity was stimulated in the syn- 
thetic resin field. This has led to the evaluation of most 
of the newer synthetics as magnet wire insulations. The 
difficulty here is that each appears to have a peculiar 
balance of advantages and disadvantages which makes 
it most suitable for certain applications. This has pre- 
vented the development of a truly universal magnet wire 
insulation. 

In recent years the trend has concentrated in the 
field of higher operating temperatures. This need for 
higher temperature insulations has spurred the develop- 
ment work in inorganic and synthetic high polymer 
fields. Rather than review all the development work on 
the adaption of new organic and inorganic materials to 
magnet wire insulations, we will list a number of the 
newer types of magnet wire insulations available today. 


Film coated types 
Polyurethane 
Pigmented polyurethane 
Polyester 
Epoxy 
Silicone 
Tefion 
Teflon over ceramic 
Ceramic 
Anodized aluminum 


Fibre covered 
Cellulose acetate 
Glass 

Dacron and glass 
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Glass silicone 
Mylar quinterra 


Film taped 

Teflon 

Mylar 

Because of the extreme complexity and variety of 
end applications for magnet wire, it is probably one of 
the most demanding fields in the electrical industry 
for the development and control of insulations and 
conductors. 

The greatest areas of development in the future 
appear to be in high temperature applications. This 
has promoted a great deal of development work, both 
in the insulation and the conductor field. The results of 
this development work will be realized by the electrical 
industry by: 

(1) Greater control in the selection and processing 
of raw materials into magnet wires. 

(2) New and improved types of insulation and con- 
ductors, particularly in the field of high temperatures. 

(3) New approaches to the functional testing of 
magnet wires and magnet wire insulations. 
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Initial design dictates final quality 


In high conductivity copper 





1. Macrographs of different sections of same casting. 
Variation in grain size result of section thicknesses. 


§2 


castings for 


electrical applications 


There is little doubt that high-conductivity copper cast- 
ings have valuable properties which make them highly 
desirable from the electrical engineer’s viewpoint. The 
unique ability of the casting process to produce shapes 
not possible economically by other known methods, 
coupled with those properties which promote high elec- 
trical conductivity in a casting, provide the design engi- 
neer with a very potent and useful tool. 

The early part of this report is devoted to the manu- 
facture of castings in 99.99% purity electrolytic copper 
ingot and shows how casting design affects the quality 
of a cast part. 


Effect of section thickness 


High conductivity copper castings are highly section 
sensitive. Figure 1 shows macrographs of two different 
sections of the same casting made in high conductivity 
copper. The grain size of the section shown in the lower 
view is large and coarse, while the grain size shown in 
the top view is much smaller and finer. Test bars cut 
from a section such as shown in the former would pro- 
duce much lower mechanical strengths than similar test 
bars cut from the section shown in the latter. The grain 
size in the lower view would have poorer hydraulic 
soundness than that section shown in the top view. 


Irregular grain size and liquid shrinkage cavities 
due to section changes account for a high percentage 
of casting failures — especially failures on hydraulic 
test. Very often this shrinkage can be traced back to 
casting design or faulty foundry practice. 

It may safely be said that shrinkage defects, coupled 
with gas unsoundness, account for over 90% of all 
failures of copper castings where they do not meet the 
required specifications. 

Liquid or volumetric shrinkage unsoundness is 
caused by the failure of the gating and feeding system 
used in the foundry to replenish liquid, or volumetric 
shrinkage taking place from the pouring temperature 
of the molten metal to the solidus temperature. From 
2,200 F to 1,800 F the volume of the poured mass 
will be reduced by approximately 6%. The feeding 


Mr. J. Allan is vice-president and general manager of 
St. Catharines Brass Works, Limited, in St. Catharines. 
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system used by the foundry must compensate for this 
volumetric reduction by providing feeding heads ad- 
jacent to areas of such reduction, because lighter sec- 
tions of any given casting tend to “feed off” the adjacent 
heavier sections. In castings of simple design, “feeding 
heads” or “risers”, as they are called in foundry ter- 
minology, can be placed either on or adjacent to local 
heavy sections to provide reservoirs of feed metal where 
required. 

The ideal condition for soundness lies in promoting 
progressive solidification from the farthest point of the 
casting to the feeding heads on the casting. Castings of 
irregular sections must be designed with heavy sections 
connected to light sections in such a manner that the 
heavy sections cannot easily be “fed.” A fed design will 
almost certainly lead to a casting which will contain 
rather serious shrinkage unsoundness which is likely to 
be revealed during the machining operation. Very often 
expensive welding or impregnation must be resorted to 
in order to salvage such a part. 


Consultation with the foundry should alert the de- 
sign engineer to the difficulties likely to arise from 
casting such a part and some redesign might considerably 
reduce the problems. 


Behavior of molten copper 


Molten copper follows the behavior pattern of most 
molten metals. Rapid cooling from the molten state 
to room temperature promotes higher density, smaller 
grain size and higher mechanical strengths than slow 
cooling within the same metal section. When poured 
into a section two inches thick, copper reveals physical 
properties quite different from those of the same sample 
of metal poured into a section of smaller thickness pro- 
vided pouring temperature and all other controllable 
conditions remain constant. 


Basically, to obtain the soundest, highest strength 
per unit volume within a casting, castings should be 
designed to have the thinnest possible wall sections 
which will be able to be filled with molten metal and 
still meet the mechanical and physical requirements 
dictated by the end use of any given part. Rapid changes 
of section should be avoided. 


Observance of these simple requirements would do 
much to reduce complaints regarding faulty castings 
which lead to expensive failures, either in the machine 
shop or in service. 


Although this statement is broadly true of all cast 
metals, it is particularly true of cast high purity com- 
mercial copper and the failure of foundry operators 
to demonstrate to design engineers that high-quality 
copper castings can be produced satisfactorily, has led 
designers to overdesign current carrying parts, by forc- 
ing them to turn to alloys of low electrical worth, but 
easier to fabricate. 


Difficulties of casting pure copper 


As a result of having specialized in the manufacture 
of high-conductivity copper castings and forgings, the 
foundry where the author is employed has become a 
central check point for many users of “high conductivity 
copper castings”. The quotation marks are used because 
in carrying out many checks, it has been only very 
occasionally that a cast part from an external source 
has been found to exceed 38% electrical conductivity 
when measured against the International Annealed Cop- 
per Standard. 
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2. An indication of the size and complexity of castings 
possible with high-conductivity copper is illustrated. 


3. Electrode holder for furnace—weight over 2,000 lb. 


4. Some of the electrical products which are cast daily. 
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conductivity drops off quickly for most of the added metals. 


In light of the special techniques involved in making 
high conductivity copper castings and forgings, these 
results are not at all surprising and the graph shown 
in fig 5 gives the effect of some of the common ele- 
ments when they are alloyed with copper. It will be 
noted that almost all of these elements have a very 
serious deleterious effect on the electrical conductivity 
of copper even when present in very small amounts. 

Molten copper has a very high affinity for oxygen 
and hydrogen, an affinity which increases with increase 
in temperature. As a result it is often felt to be desir- 
able in the foundry that some element with a higher 
affinity for oxygen be added to the copper in order to 
improve its castability. 

This is very sound foundry practice and such ele- 
ments very often do improve the castability but a glance 
at the graph shows that such elements will lower the 
electrical conductivity of pure copper to below 40% 
very rapidly so that, of course, the resultant alloy will 
no longer be high-conductivity copper. This explains 
why many so-called high-conductivity copper castings 
heat up in electrical service even though they look 
to be high-conductivity copper. 


Copper and alloys of copper 


Many attempts have been made to form alloys of 
copper, which in the “as cast” state would give high 
electrical conductivities and good mechanical strengths 
coupled with good machinability. The best of these 
“as cast” alloys produce electrical conductivities of the 
order of some 40% to 45% and Table 1 shows typical 
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mechanical properties of one such alloy together with 
its composition. 

If properly processed within the foundry, so that 
contamination is completely avoided, electrical con- 
ductivities of not less than 90% IACS can be guaran- 
teed in pure copper. Electrica] conductivities of 96% 
or 97% are quite usual under good conditions and 
very shortly the author’s company expects to be able 
to guarantee minimum conductivities of 95% IACS 
in copper castings. (Forgings made from hi-con copper 
properly processed often produce electrical conduc- 
tivities 101% IACS.) 


In order that much higher mechanical strengths, 
coupled with very good electrical conductivity might be 
obtained, a new group of alloys which are susceptible 
to solution annealing and precipitation hardening have 
become available. 


Casting size 


Speaking still of 99.99% commercial copper, there 
is no limit in size or weight to the practical production 
of any casting in high-conductivity copper other than 
that of the capacity of the foundry undertaking the 
work. Fig 3 shows an electrode holder for a steel 
furnace, the casting for which weighed over 2,000 
pounds before machining. 


Machining pure copper 


The general difficulty of machining pure copper 
castings as compared to machining alloys of copper, 
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Table 1 
Medium conductivity alloy 


Nominal Chemical Composition 


Typical 
Copper 94.5 to 96.5 
Tin 0.5 max 
Lead 1.30 - 1.75 
Iron 0.03 max. 
Zinc 2=335 


Preferred 





Nominal Physical Properties 


Tensile strength psi 

Yield strength psi 

% Elongation in 2 in. 
Brinell hardness 

Electrical conductivity IACS 


32000-35000 

10000-12000 
25-42% 
37-48 
40-45% 








Table 2 
Electrolytic copper castings 
Nominal Chemical Composition 
99.90% (Min.) 


Nominal Physical Properties 


Tensile strength, psi 

Yield strength, psi 

Blonsavon. 9 in 2 iN. <;)........:- 

Reduction in area, % 

Brinell hardness (500 KG) 

Electrical conductivity, % IACS . 90 (Min.) 
Weight, lbs. per'cu: in. ........ .320 


6. Magnatest conductivity meter, type FM-100, util- 
izes principle of eddy currents—used on copper casting. 


has caused machine shop operators to enlist the aid 
of electrical design engineers in not specifying high- 


conductivity copper- 


High-conductivity copper does not lend itself to high- 
speed machining but the difficulties of machining have 
been grossly exaggerated. It is possible to satisfactorily 
machine copper castings to a very high finish, and some 
experience in machining such castings has provided 
the following useful information. 


Carbide-tipped tools have not been found to be too 
successful in machining copper but high-speed tool bits 
ground to give all possible clearance at all points of 
contact with the casting, have proved to be quite 
successful. 


Forecasting quality 


Although a part is simple in shape, the water pas- 
sages which crisscross through the centre section pose 
a serious challenge to the foundry undertaking the 
work. As stated earlier in the paper and shown in 
figure 1, high-conductivity copper is highly section 
sensitive and this means that the longer a casting 
takes to cool from pouring temperature to the 
solidus temperature, the greater the grain size and the 
greater the risk of internal shrinkage porosity. Fig 7 
shows diagrammatically how molten copper solidifies; 
the sharp columnar crystals form in the areas of fastest 
cooling which are always on the inner and outer sur- 
faces of the casting. The crystals increase in size as 
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Thermal conductivity, BTU/sq. 


ft./ft./hr./°F 2.25 


Specific gravity 
Modulus of elasticity, psi 


8.87 
17,000,000 


Coefficient of thermal expansion, 
in./in./°F .0000098 


Yield in compression, psi (.2% offset) 


favs 


Y 
IN 


I 
! 


wearee 
warm aae 


} 
Ws 


POCO Oa Le 
POOR tie 


e PETTITT PLL LL 
wT eee e eee v4 
tS 
» 
eS 


4,000 


continued , 





High conductivity castings continued 


cooling time increases, a condition which is always 
aggravated toward the centre of any cast section and 
is somewhat proportional to section size. 

From this description, it becomes obvious that those 
parts of any casting which are least likely to leak are 
the outer and inner surfaces of a casting. This very 
simple fact immediately highlights the paradox that 
the tight dense homogeneous areas of any casting 
are the parts that are removed by machining in ready- 
ing the part for its end use. 

Here then is the simple phenomenon which explains 
over 70% of all failures on pressure test. Here then 
is why there is no such thing as a casting which can 
be guaranteed not to leak because there are no known 
tests which will predict that a casting won’t leak. There 
are several tests such as radiographic inspection and 
magnafiux testing which might predict that the casting 
will leak but there are none to predict that it will not 
leak. 

Failure to accept this simple phenomenon embodied 
within the cast process — the solidification phenomenon 
— has caused more heart burning in foundry circles 
over leaky castings than any other single cause. 

Although there are several tricks used to promote 
denseness and soundness in castings, these are outside 
the scope of this article. In any case, all of the talk, 
all of the criticism, all of the words of the wise, cannot 
alter this condition and if this condition cannot be com- 
pensated for in the design, coupled with good foundry 
practice, then another method of manufacture must 
be found. 


Electrical conductivity 


In answer to the question constantly asked whether 
or not it is possible to “guarantee” high electrical con- 
ductivities in castings, the answer is an emphatic “yes”. 

It is usually ignorance of the techniques or failure 
to impose sufficiently rigid controls which cause many 
foundries to give up on the manufacture of high-con- 
ductivity copper castings. 

Obviously, anything can be guaranteed only if it 
can be tested to the point of the guarantee. 

The standard ASTM procedure for checking elec- 
trical conductivities is covered by ASTM B-193-49 and 


Coming next month... 


is somewhat protracted and rather costly. Briefly, this 
test consists of preparing by machining a specimen of 
exact dimensions and rigging this specimen in an ap- 
paratus which will measure its resistance and this 
resistance is translated in terms of conductivity. 

This procedure, while excellent for laboratory test- 
ing where accuracy is the keynote, is much too slow 
to be used in the production checking of castings and 
forgings which must be cast with high electrical con- 
ductivities. It is surely sound practice to have any test 
which might scrap a part made as early in the produc- 
tion process as possible and if many castings have been 
produced and are awaiting laboratory conductivity 
checks, the risk could be disproportionately high in 
relation to the total value of the work involved. 

St. Catharines Brass Works Limited is among the 
very limited number of foundries which employs high- 
speed testing for electrical conductivity. This test is 
done on a Magnatest unit as shown in fig 6. 

The Magnatest Conductivity Meter, type FM-100, 
is an electronic testing instrument which utilizes the 
principle of eddy currents to measure the electrical 
conductivity of non-magnetic metals and alloys. It will 
also give an indirect measurement of properties which 
are directly related to conductivity such as age or 
precipitation hardening of aluminum alloys. 


Engineering liaison needed 


With suitable liaison between electrical engineering 
designers and highly qualified technical foundry per- 
sonnel, copper castings with good hydraulic soundness 
and high electrical conductivities can be made satis- 
factorily. 


The casting process has very definite limitations, 
seriously affected by any given design, so forging must 
always be considered when a casting is unlikely to 
fill the need. 


Where copper is not hard enough or strong enough 
for any given requirement, the Mallory metals of 
chromium copper, beryllium copper and cobalt nickel 
copper are readily available. 


There is no need to settle for less than the best by 
using alloys of low electrical conductivity in place of 
alloys of high electrical conductivity because good 
techniques in the hands of an expert can produce 
excellent results in terms of excellent high-conductivity 
copper parts. * 


exciting news for design engineers 


Articles in the April issue will include a feature discussion on jig boring . . . how to 


design for bolt bending stresses . 


part 2 of our series on Bourdon tubes . 


. . the design philosophy of the Austin seven... 
. and a challenge to would-be managers. 


Read what the experts say in next month's 


Design Engineering 
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1. Ease of fabrication makes possible intricate layouts. 


2. Large cupralum heating and cooling coil for brewery. 


For handling corrosives — it’s copper 


Lead clad copper pipe and tubing 


G. N. Thomas 


Cupralum is copper, or high copper alloy of selected 
type and thickness, to which a uniform dense-structured, 
nonporous, extruded chemical lead cladding has been 
inseparably applied. The outside lead covering and the 
interior copper tubing are metallurgically bonded to- 
gether. 

Production of cupralum is carried out by a patented 
process. All sizes of copper tubing or copper pipe may 
be lead clad. It is practical also to manufacture lead 
lined copper tubing and pipe. In addition, this process 
is employed to lead clad pipe and tubing fabricated from 
a variety of other metals and alloys. Lead clad rods, bars 
and strip of various compositions also are produced. 

It should be borne in mind that, wherever a metal 
shape, angle, channel, form or object has a straight 
through cross section, it may be lead clad, within certain 
size limitations. 


Use with corrosive liquors 


Where these products are employed with corrosive 
liquors, it is recommended that the lead cladding never 
be less than % in. thick. It is practical to apply coverings 
or linings in any lead thickness desired; standard thick- 
nesses for use with corrosive liquors in common employ- 
ment are 4%, 3/16, %4, % and ¥% inch. 


Mr. Thomas, author of this article is with the engineering 
department of Canadian Vickers Ltd., Montreal Que. 
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is ductile, rigid, self-supporting 


Exclusive DE] Feature 


The quality of cupralum produced by the extrusion 
process should not be confused with products resulting 
from casting in molds, or hand application of lead. The 
extrusion process assures: 


(a) A metallurgical bond without the employment 
of tin between the lead covering and the copper 
tubing. Tin is definitely objectionable because it 
may contaminate the lead covering, and impair 
corrosion resistance. Tin has a much lower melt- 
ing temperature than the lead covering or the 
copper tubing, and its presence lowers the tem- 
perature at which the product may be employed. 


A dense, tight extruded lead grain structure, free 
of pinholes, porosity, laminations, etc. 


A uniform thickness lead cladding, so that no 
areas are improperly protected. 


Excellent quality control, because all operations 
are by machine methods and controls. Produc- 
tion steps are of an exposed nature, which is of 
important benefit during inspection. 


Use with acids 


Lead is the favorite medium for use with H.SO, in 
all its ramifications. It resists all concentrations of sul- 
phuric acid up to 85% at temperatures to 428F. Where 
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Handling corrosives continued 





concentrations of sulphuric acid up to 85% are en- 
countered at temperatures over 428F, and up to about 
482F, lead also possesses very good life compared with 
other metals or alloys. Lead commonly is used with 
phospheric acid, chromic acid, sulphites, sulphates, alum 
and the like. There are many additional acids, too num- 
erous to list, for which lead possesses excellent corrosion 
resistance. If lead has given unsatisfactory service in the 
past with a given acid, this probably was due to physical 
limitations which might not be present in cupralum. 


Heat transfer considerations 


Copper absorbs and transfers heat with the grcatest 
efficiency, and, because the lead is metallurgically bond- 
ed to the copper, heat transfer is kept at a high value. 
Because the physical strength to withstand high steam 
pressure is provided by the copper, it is practical to keep 
the heat transfer efficiency of cupralum is superior to 

Thus, the combined thickness of copper and lead is 
materially less than the wall thickness of lead pipe. Also, 
the heat transfer efficiency of cupralum is superior to 
that of the hard metals. 


Heat Transfer Value 


CUPRALUM TUBING FORMULA: for calculating 
theoretical over-all rate of heat transfer coefficient “U” 
in Btu/hr/sq ft/ deg F. 





Where: 
< == Conductivity of lead wall per inch Use 240 
K,— Conductivity of copper wall per inch Use 2680 
X = Thickness of lead wall in inches 
Y = Thickness of copper wall in inches 
h, = Steam film 
h, = Liquid film 
Example 
1% O.D. C No. 15 ga. copper tubing with % lead 
cladding. 


Use 1000 
Use 300 


3. Copper anodes (background) used in chrome-plating. 


58 





=206 BTU/hr/sq ft/°F 
I I 
- 
240 300 1000 2680 

The actual heat transfer rate of all metals is affected 

by the formation of interior and exterior corrosion scale 
on the tube surfaces. This must be considered in deter- 
mining the square footage of heating surface required. 
Depending on the frequency with which coils are clean- 
ed, and the nature of the corrosion, heat transfer rate in 
practice may be as much as 20% under calculated rates. 


.072 





FORMULA FOR CALCULATING HEATING SUR- 
FACE OF CUPRALUM COILS: 
H = Total heat lead, BTU per hour 
U = Over-all rate of heat transfer in BTU/hr/ 
sq ft/°F. (See formula above) 
== Mean temperature difference between the hot 
and cold liquids, in °F. 


For heating coils: 
Starting + final temp. of solution 





Steam temp. °F = 
* 


H 
Heating surface area = — (sq ft) 


uxt 


Coil design 

Information required to design coils: 

1) Quantity of solution to be heated or cooled in 
gallons 

2) Specific gravity 

3) Starting temperature 

4) Final temperature 

5) Time cycle desired, or necessary, to process 

6) Maximum available steam pressure (for cooling, 
state temperature of cooling medium) 


7) Sketch of tank or vessel in which process is 
carried out. 


The well-known physical properties of copper are 
the factors which represent the physical limits of cup- 
ralum. Copper possesses strength, ductility, weldability, 
and high fatigue resistance. Because the lead is metallur- 
gically bonded to the copper, it expands and contracts 
with the copper during temperature changes. In the 
absence of a bond, lead expands more than it contracts, 
resulting in fatigue failure of the lead. 


Cupralum tubing 


Cupralum tubing, while ductile, is rigid and self-sup- 
porting. There is no distortion or collapse of the coils 
when designed with simple legs or frames. When bend- 
ing, it is found that the lead cladding improves on the 
good bending qualities of the copper tubing, in that 
it supports the copper tubing and prevents flattening. 
Cupralum coils withstand repeated shock, vibration, 
sharp temperature changes, and may be cleaned periodi- 
cally. They are lighter in weight, much stronger than 
lead coils, easy to handle, and may be employed with 
temperatures up to a maximum of SO00F, based on 
consideration of all factors. These include, corrosion 
resistance, physical properties, steam pressures, tem- 
perature cycles, etc. Cupralum tubing is recommended 
for steam pressures up to 150 psi based on the follow- 
ing wall thicknesses of copper tubing: 
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COMPACT, RELIABLE, VERSATILE... 
this is Pe B’s miniature MH relay 


The MH is not a new relay. 

As a matter of fact, we’ve been building 
and selling this series for seven or eight years. 
Its reliability and exceptional longevity 
have been proved in business machines, air- 
borne computers and a host of other products. 

Engineers like its fast action, its small 
size, its light weight. They like the wide 
selection of contact forms. ..up to 18 springs 
(9 per stack, DC) as well as the fact MH 
relays can be furnished to switch loads rang- 
ing from dry circuit to over 5 amps at 115 
volts, 60 cycle resistive. 

A multiple choice of terminations add to 
the MH’s versatility. This relay, for example, 
can be adapted for printed circuits, fur- 
nished with taper tabs or a long list of other 
terminals. Get all the facts by calling your 
nearest P&B sales engineer today. 


4 FORMC 














MH ENGINEERING DATA 


GENERAL: 


Breakdown Voltage: 500 volts 
RMS between all elements. 


Ambient Temperatures: —45° C 


to +85°C.(—65°C to +125°C 


REQUIRES ap DIA. 
CLEARANCE HOLE 


on special order.) 
Shock: 30g on special order. 
Vibration: 10g from 55 to 500 
ceps.; .065” 


max. excursions from 


10 to 55 eps. on special order. 





FOR OC 
RELAYS 


FOR AC. 
RELAYS 


MA LATCHING 

Electrical latch, mechanical re- 
set. Small, versatile and offered 
with selection of contact 
arrangements. 


Weight: 21/2 ozs. max. (open relay) 
Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP #78). 
CONTACTS: 


Arrangements: Up to 9 springs 
per stack. 


MB CONTACTOR ‘2 
Contacts rated 60 amp. 28 
volts DC non-inductive. Will 
carry 150 amp. surge for a 
duration of 0.3 seconds. 


Material: Y" silver standard: Palla- 
dium or gold alloy also available. 


Load: Dry circuits to 5 amps @ 
115V AC res. 


COILS: 
Resistance: 22,000 ohms max. 


Power: 100 mw per movable min. 
te 4watts at 25°C max.(200 mw 
min. to meet max. shock/vibration 
spec.) 


Duty: DC: Continuous. AC: Inter- 
mittent (Two pole relay max.) 
open. Sealed units supplied with 
full wave rectifier inside can. 


Voltages: DC: Up to 110 volts. 
AC: Up to 230 volts 60 cycles. 


MH SEAL-TEMP 
Features sealed coil to mini- 
mize contact contamination. 
Available as hermetically 
sealed relay only. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD Canapa Lntp. 


GUELPH, ONTARIO 


For further information mark No. 141 on Readers’ Service Card 





Handling corrosives continued 


1 in. —16 gauge 1% in—15 gauge 

14%4 in—14 gauge 2 in. —14 gauge 
When higher steam pressures are encountered, heavier 
thicknesses of copper may be employed. 

Cupralum tubing may also be purchased preformed 
to the diameter and spacing of the coil required, and 
field mechanics may finish the equipment by applying 
suitable coil-legs. 

It is possible to prolong the life of cupralum coils 
by repairing the lead cladding, should it ever require 
such attention. Since the strength of the coil is provided 
by its copper tubing core, it is only necessary to pre- 
serve the lead cladding to extend the life of the coil. 
This is done by scraping the clad surface in need of 
repair, and re-applying additional lead by melting on 
burning bar through ordinary lead burning techniques. 
Periodic inspection during shut-downs is recommended. 

Legs, frames and hangers for cupralum coils are 
fabricated from ferrolum (lead clad steel) in a variety 
of forms, depending on diameter, shape and weight of 
the coil. Steel is relied on to provide the rigidity and 
strength important to good coil construction, and the 
metallurgically bonded lead cladding of steel in ferrolum 
protects it from corrosion. Solid lead legs may be used 
but these are costly, add undesirable weight and provide 
no real strength, since the lead legs distort under tem- 
perature cycling. 


Standard sizes recommended 


Standard diameters of copper tubing from %4 up 
to and including 2 in. are considered standard sizes of 
pipe for lead cladding. Larger diameters also may be 
lead clad as non-standard items. 

Standard thicknesses of lead cladding are: 3/32, ¥%, 
3/16, %4, ¥% and % in. Intermediate or heavier 
thicknesses are produced as non-standard coverings. 
For those who wish to fabricate their own coils, the 
following is pertinent. 

Cupralum tubing is produced in twenty foot lengths 
or in long continuous coils, similar to lead pipe. Coil 
lengths are from forty feet to one hundred feet, depend- 
ing on the diameter of the tubing. Where joints are 
necessary, the flare type joint is employed, and the 
copper tubing silver-soldered. Joints are put under pres- 
sure test prior to lead cladding. The lead covering of the 
copper joint may be mold-made or applied by lead 
burning. 

Anodes fabricated from cupralum are doing an out- 
standing job where difficult chrome plating problems are 
encountered, and, in several instances, have made hard 
chrome plating processes practical which were previous- 
ly impractical. Where bores are hard chrome plated, 
where over-all length of objects being plated is great, 
or where the work has irregularities or recesses, cupra- 
lum anodes are ideal. They possess approximately ten 
times the current carrying capacity of ordinary lead 
anodes, and, since the lead cladding in cupralum is 
metallurgically bonded to the copper core, there is no 
loss of current during transmission. The lead of cupra- 
lum may be chemical lead, antimonial lead, or 7% tin 
lead. Where a silver content lead is preferred, it can 
be supplied. In addition to conventional flat anodes, 
cupralum is manufactured in the form of bus bars, rods, 
wire, or as basket type anodes. Cupralum anodes are stiff 
and strong, but should nevertheless be subjected to care- 
ful maintenance, because they are used for the most 
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severe plating conditions. Also, since they can be easily 
repaired, it is desirable to extend their life to protect 
the copper cores from exposure to the electrolyte. 


Cupralum as a shield in atomic equipment 


It should be remembered that cupralum also com- 
bines the gamma shielding properties of lead with all 
the desirable fabricating characteristics of copper and 
copper alloys. Therefore, when it becomes necessary 
that gamma shields of atomic machinery and equipment 
have built-in cooling systems, cupralum can be relied on 
to combine the heat transfer value of copper with the 
shielding value of lead. 

Sometimes it is necessary to transport radioactive 
liquors and spent resin discharge from demineralizers 
into processing vessels for concentrating radioactive so- 
lutions. The conduct of these solutions requires red 
brass with a very heavy outside lead cladding. The red 
brass interior of cupralum has the ability to resist the 
corrosive solutions, and of course, the outside lead 
cladding of cupralum resists the escape of gamma radi- 
ation. * 


4. Tightly wound centre-spiral coils are readily formed. 
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IN 
MINIATURE RELAYS... 


MARSLAND 


has made a good 
hame 


and that name is“FILTORS” 


Hermetically Sealed Sub and Micro-Miniature Relays 


DESIGN and CONSTRUCTION 


“Filtors” Sub-Miniature and Micro-Miniature Relays meet or exceed all The “Powrmite” crystal case perform- 

the requirements of MIL.R 5757C. Lightweight and rugged, they are ance package for all micro-miniature 

hermetically sealed and uniquely designed to provide immunity to the — switching requirements. Available 
- 3 = ee “ or plug-in or fixed-wire mounting. 

forces of shock, vibration, acceleration, as well as high tolerance to extreme 

environmental conditions of pressure and temperature. 


COMPLETE RANGE 


“Filtors’” Sub-Miniature and Micro-Miniature (Hermetically Sealed) 
Relays are available for both AC and DC operations. Non-standard ter- 
minal arrangements can be designed to meet special requirements. 


ENVIRONMENTALLY TESTED 
IN MANUFACTURE 
“Filtors” designs lend themselves to exact- 
ing standards of inspection. At Marsland 
Engineering the Filtors Relay Division is 
air-filtered, temperature controlled and 
surgically clean. Fine materials and the 
quality controls employed by Marsland These general purpose relays are applic- 
result in Relays built to the most reliable able to instrument, geophysical, aircraft 
standards available anywhere. controls and circuits where high relia- 
bility, multiple switching is required. 
In 2, 4and 6 pole double throw contact 
Manufactured and sold in Canada under license from aaa with many standard 
Filtors Incorporated, Port Washington, Long Island, by ‘‘“FILTORS” Relay Divison of ; 


MARSLAND ENGINEERING LIMITED 


KITCHENER, ONTARIO 


For further information mark No. 134 on Readers’ Service Card 
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Exclusive IDE Feature 


Selection of tube elements 
for heat exchangers 


Low-finned copper tube is 
as handy to use as bare tube 


G. T. Fenwick, P.Eng. and R. B. Stotts 


Until nine or ten years ago, the basic heat transfer 
element for the process industries was bare condenser 
tube. Today, with the increasing usage of integral low- 
finned tube, we can now consider two basic heat trans- 
fer elements available for shell and tube exchangers, 
namely low-finned tube and bare condenser tube. 

For any given set of conditions one of these ele- 
ments will have first cost advantages over the other, 
which will be determined by such factors as the type 
of process, the heat transfer characteristics of the process 
stream, allowable pressure drops, fouling margins de- 
sired, and materials of construction. 


Low-finned tube 


Low-finned tube is as easy to use as bare tube in 
conventional] shell and tube heat exchangers. The fins 
are radially extruded from thick-walled tube to a height 
of 1/16 in., producing a smooth fin contour without 
any sharp angles or crevices. The tube is designed so 
that the outside diameter of the fins is slightly less 
than the base tube. By omitting the fins at the ends, 
the tube may be inserted into a conventional tube 
bundle and rolled into the tube sheet in the usual 
manner. 

The heavier wall thickness of the plain end section 
of the low-finned tube provides extra strength at the 
tube sheet where stresses in service tend to concentrate. 
Although the fins actually increase the bursting strength 
of low-finned tube, the design limitations on working 
pressures as specified in the ASME code for Unfired 
Pressure Vessels are determined from the minimum 
wall thickness under the fins. 

Copper and copper base alloy plain tube that is 
used in the manufacture of finned tube is produced by 
the hot extrusion, cold drawing process, and is usually 
manufactured to either ASTM B-75, covering seamless 
copper tube suitable for general engineering purposes, 
or ASTM B-111, which covers seamless copper and 
copper alloy tube, for use in surface condensers, evap- 


Mr. Fenwick is production manager of Unifin Tube 
Company and Mr. Stotts is quality supervisor of Wol- 
verine Tube Division of Calumet and Hecla of Canada 
Limited, London, Ont. 
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1. Two views of section of tubing. Upper—before fin- 
ning; lower—after. Note distortion of grain structure. 


orators and heat exchangers. The temper of the plain 
tube is used for low-fin is normally annealed with a 
grain size of .040 to .080 mm at 75X. The physical 
tests required by these specifications can be performed 
on the plain tube prior to finning, or on the plain ends 
after finning. 


Because finning consists of rolling and extruding 
the fins from the original tube wall, this operation in 
itself is therefore a very severe test of tube quality. 
Any surface imperfections or interna] flaws in the plain 
tube, resulting from the casting, extrusion or drawing 
operations would most probably result in failure of the 
tube during the finning operation. 

Because of the severe cold working of the tube in 
finning and of the susceptibility to stress corrosion 
cracking, all admiralty and aluminum finned tube is 
stress relief annealed, unless specified as fully annealed 
for bending. 

Fig 1 shows a longitudinal section of a Type B 
Admiralty plain tube ready for finning, and a longi- 
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Compact Captive Panel Screws: 


Standard Design Lowers Installed Costs 


No longer is it necessary to resort to 
a costly fastening device of special de- 
sign to provide quick attachment and 
release of electronic components. 
Standard Southco Retractable Screw 
Fasteners (stand-off thumb screws), 
available from stock, are both fast to 
install and economical. The five sizes, 





Method “A” 











Method “B” 


























shown below, meet a very wide variety 
of requirements. 

Check these advantages of simplified 
Southco Captive Panel Screws. Even 
when many screws are in one panel, 
misalignment is easily handled be- 
cause the screw floats in a large hole 
in the stand-off, allowing ample play 
for “lining up.’ No special tools are 


needed for installation, thus produc- 
tion is not subject to tool failure, nor 
limited by either the number of spe- 
cial tools available or the number of 
personnel trained in their use. 
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The Southco No. 58 Retractable 
Screw Fastener consists of three parts: 
thumb screw, stand-off, and retaining 





om 


HEAD 


DIAMETER 9/16” 


MINIATURE TO LARGE SIZE HEADS IN FIVE TYPES 


9/16” 7/16” 7/16” 





THREAD 


size 1/420 


1/4-20 





12-24 10-24 10-32 








Represented in Canada by... 


METAL AND WOOD 
FASTENING DEVICES 
6302 Papineau Avenue 
Montreal 35, Quebec 


BLACK BROTHERS, LTD. 


1200 Hornby Street 
Vancouver, B.C. 


WESTAIRE SALES CO. 
380 Donald Street 
Winnipeg 1, Manitoba 


© 1956 


ring. The bright nickel-plated brass 
stand-off is inserted in either a drilled 
and countersunk hole (Method A), or 
a drilled hole (Method B), and flared. 
The polished, chrome-finished brass 
screw is passed through the hole in the 
stand-off 
and made 








captive by a 
retaining 
ring. En- 
gaging in a 
tapped hole 
in the frame, the screw may be fully 
withdrawn without moving the panel, 
yet always is retained. 

The unslotted screw is standard in 
34”, %6”, and 46” head diameters 
and three thread sizes. Slotted head 
screws are also available in all sizes. 
The stand-off is standard in sizes to fit 











panel thicknesses from a minimum of 
4,” to a maximum of 17%4,”. Screw 
and stand-off are also obtainable in 
stainless steel. 





Fastener 
Handbook 


Send for your complete 
Southco Fastener Hand- 
book, just printed. 











’ 
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/ 
EE Fastowees 
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iron 
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Heat exchanger tubes continued 


tudinal section of the same tube after finning. Note the 


distortion of the grain structure showing the flow of 


metal in the finning process. 


Differences in tube geometry 


When comparing applications of low-finned and 
bare tubing it is necessary to consider the differences 
in tube geometry. The low-finned tube wil] have ap- 
proximately 22 times the outside surface area of a 
bare tube of the same nominal outside diameter. This 
results in an outside to inside surface area ratio of 
about 3.5 to 1 as compared with about 1.2 to 1 for 
a bare tube. 

As the fin diameter is slightly less than the nominal 
tube diameter, the root diameter of the low-finned tube 
is ¥ in. less, providing a greater effective clearance 
between tubes than bare tube on the same pitch. To 
provide the same shel] side cross flow area as compared 
with bare tubes requires a smaller baffle spacing or a 
closer tube spacing. The inside diameter of the low- 
finned tube will also be % in. less than an equivalent 
bare tube. This will result in higher tube side velocity 
and pressure drop, with increased heat transfer coeffici- 
ent for the low-finned tube. To provide equal tube side 
pressure drop requires a reduction in the number of 
tube passes for low-finned tube. 

Bare condenser tube will generally be used in ap- 
plications where the controlling combined film co- 
efficient and dirt factor are on the tube side or when 
the inside and outside coefficient are of similar magni- 
tude. Low-finned tube, on the other hand, will be ad- 
vantageous whenever the dirtier fluid is on the shell 
side, or when the tube side coefficient is high. 


Severe service considerations 


It has been established that finned tubing can suc- 
cessfully operate in severe fouling services because 
normal deposits never occlude the fins, and hard brittle 
deposits will flake off low-finned tubes more readily than 
bare tubes. When a soft sludge-type deposit occurs, low- 
finned tube will be affected less than bare tube because 
the excess fin surface available for fouling results in 
a lower heat flux and smaller temperature drop through 
a given film thickness. In addition, the larger effective 
clearance between low-finned tubes will permit a greater 
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Figure 2 


dirt build-up before plugging occurs. These factors con- 
tribute to a longer cycle of operation for low-finned 
tube before cleaning becomes necessary, resulting in less 
downtime and reduced maintenance. Thus the fluid 
possessing the larger combined heat transfer and foul- 
ing resistance should be placed on the shell side to 
realize the advantages of extra fin surface of low-finned 
tube. 

It is customary in commercial design to use the 
outside surface as the reference surface. When using 
bare tube the inside dirt factor is often used without 
correction for the difference in surface as the error is 
usually negligible. However, when using low-finned 
tubing the tube side dirt factor must always be multi- 
plied by the ratio of outside to inside surfaces. As this 
ratio is about 34% to 1, it can readily be noted that 
inside fouling factors are much more critical on low- 
finned tube than bare tube. 

To compare heat transfer characteristics of bare tube 
and low-finned tube, consider first the basic heat transfer 
equation. 


Heat transferred — 
Over-all 
coefficient of 
heat transfer | X 


Total 
outside 
surface area 


Temperature 
X difference 


H = Uo xX Ao xX AT 


The over-all coefficients of heat transfer are derived by 
combining the individual film coefficients and fouling 
factors all referred to the outside surface. 


Over-all coefficient 
Outside Outside Metal Inside Inside 
= coeffic. + fouling + resistance + coeffic. + fouling 


1 1 1 Ao 
For —= & “ ro | + fm + [- = ru |(—) 
baretube U. [| ho hj Ai 
For 1 1 1 Av 
low-finned — = [ —+ re | + tn [— + | —) 
tube Uo ho hi Ai 


Be 
The only difference in the two equations is the factor 
Ew, called weighted fin efficiency. This factor is used 
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GOLD HEADED 


10 GUT 


COSTLY MACHINING... zz provide greater strength! 


When a part is cold headed, rather than 
machined from bar stock, the saving in 
material is immediately evident and may 
reach as much as 60%. 


Although varying with the individual 
design, cold heading production rates 
are always faster than machining rates 
for similar pieces, and the process offers 
the further advantage of increasing the 
tensile strength and toughness of the 


material, and the durability of the fin- 
ished part. 


Wire up to 1” in diameter, of any forge- 
able metal, can be upset to at least 4% 
times its original diameter. Secondary 
operations such as flattening, bending, 
threading and punching can be added. 
Let Stelco’s Engineers advise if parts you 
are now machining can be produced 
more profitably by cold heading. 


THE STEEL COMPANY OF CANADA, LIMITED 


Executive Offices: Hamilton and Montreal 


af 


Yi CAMADIAy ) 


Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, London, Windsor, 


Winnipeg, Edmonton, Vancouver. J. C. Pratt & Co. Limited, St. John’s, Newfoundland. 
59191.8 
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Heat exchanger tubes continued 


to compensate for the fact that the temperature of the 
fins will be slightly less than the temperature of the base 
tube. The difference varies with the conductivity of the 
metal. The weighted fin efficiencies for various metal 
and alloy low-finned tubes manufacturer by the Unifin 
Tube Company are given in fig 2. 

The inside coefficients for bare tube and low-finned 
tube are calculated in the same manner by conven- 
tional methods. The outside coefficient in forced con- 
vection for the low-finned tube bundle will be approxi- 
mately 15% lower than for the same diameter bare 
tube, with the same tube pitch and shell side mass flow 
velocity. This is due to the larger equivalent diameter 
for the low-finned tube used in the heat transfer cor- 
relation. In design this may be adjusted by using a 
smaller tube pitch for the low-finned tubes. The only 
correction necessary for low-finned tube, which is not 
included in available correlations is to reduce the out- 
side coefficient by a linear amount up to 30% for shell 
sizes from 15%4-in. to 8-in. inside diameter. 


a 


“fre 


‘ ~ EE, Bi: 
4. Shell and tube heat exchangers on assembly floor. 


Some design considerations 


A comparison of lineal feet of low-finned tube re- 
quired per foot of bare tube is shown in fig 3, illustrat- 
ing the effect of various combined film coefficients and 
dirt factors. This method presumes equal outside co- 
efficients and includes the correction for fin efficiency, 
metal resistance and different surface ratios. 


The choice between the two basic heat transfer ele- 
ments in new exchangers is usually based on the final 
cost of the completed exchanger. Typical cost ratios 
of a low-fin exchanger as a percentage of one using 
bare tube with the same surface area, is shown in fig 5. 


Low-finned tube has also found wide application in 
retubing existing equipment to obtain increased capacity. 

Whether in retubing applications or new fabrication, 
low-finned tubing should be considered as one of the 
basic heat transfer elements for shell and tube ex- 
changers. The final choice between the two types of 
tubing will be based on factors such as first cost, mainte- 
nance, and operating characteristics. The element best 
suited for any given set of process conditions may be 
readily determined. * 
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6. The long and short of heat exchanger design — plain and finned tubes have equal heat transfer properties. 
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People in 
the news 


Timm 


Burton A. Avery, P.Eng., has been 
appointed vice-president and assistant 
general manager of Orenda Engines Ltd. 
A design engineer, he was previously the 
company’s chief engineer. 

* * * 
New consultant to join Orr Associates, 
Ltd., of Toronto, is furniture designer 
Jan Kuypers. Trained at the Academy 
of Arts and Architecture, The Hague, 
Holland, he came to Canada in 1951 and 
his designs are now internationally 
known. 

% -K .* 
An electrical engineering graduate of 
McGill University has become director 
of engineering for Dominion Rubber Co., 
Ltd. He is C. Ritchie Timm, P-.Eng., 
who joined the company in 1940 as 
assistant to the director. He succeeds 
Robert Ford who retired at the end of 
1959. 


Beauchamp Davis 


A new vice-president at United Steel 
Corp., Ltd., is E. H. Beauchamp, who 
will be in charge of the corporation’s 
steel and aluminum warehousing opera- 
tion. He is also general manager of 
United Steel Sales Ltd. 

* * * 
Engineer Frank R. Petch, P.Eng., enters 
the insurance field as he joins the engi- 
neering staff of Tomenson, Saunders, 
Smith & Garfat Ltd. 

* ; oaete 
J. R. McGovern has been elected vice- 
president and general manager of Sola 
Electric (Canada) Ltd. He also has been 
re-elected to the board of directors and 
will be in charge of operations of the 
company’s two Toronto plants. 

w-  & 
Welwyn Canada Ltd. has appointed Ken 
J. Davis as assistant director of sales. 
He previously was general manager and 
sales manager of Renfrew Electric Co. 
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Ww Shaft Seal Design 
S With A Purpose! 


POSITIV! 


E DRIVE 





DRIVING NOTCHES 


RETAINER SHELL 


DRIVING BAND 


aa 





FLEXIBILITY 





PRECISION MATED 


LAPPE 


D FACES 





POSITIVE DRIVE 


This gives long seal life. Drive is trans- 
mitted through the driving band and 
washer driving notch which absorb all 
breakout and running torque. Damag- 
ing stresses on the bellows or flexible 
sealing member are eliminated. Slip- 
page is also eliminated, thus protecting 
shaft or sleeve against galling. 


FLEXIBILITY 


Axial and radial misalignment problems 
are eliminated. Self-adjusting bellows 
or sealing head automatically compen- 
sates for shaft end play or run out. 
Minimum spring pressure is required 
for axial shaft movement and uniform 
spring pressure is maintained during 
radial shaft movement. 


PRECISION MANUFACTURE 


Leakproof performance is assured. 
Washer and seat surfaces are precision 
lapped to a perfect mate under a 
patented ‘John Crane’’ process. 


A SEAL FOR EVERY SERVICE 


All “John Crane” Seals are constructed 
to the particular service requirements 
. .. from hot or cold water to the most 
destructive acids, corrosives and gases 
. . . temperatures up to 1000°F.... 
pressures to 1200 psi. They can be 
furnished in types and sizes to meet 
practically any mechanical or dimen- 
sional condition. 


Request Bulletin S-204-2. Containing full information 
on “John Crane” engineered shaft seals. 


GET 
COMPLETE 
DETAILS 


] 


\ 
\ 


LD 


“oo 


ha 


r 
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Crane Packing Co., Ltd. 
Box 134-Station C - Dept AMS 
Hamilton, Ontario 


MECHANICAL 


=) 
g 
PACKINGS 


SHAFT SEALS 


TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY, LTD. 


OFFICES IN PRINCIPAL CANADIAN CITIES 


For further information mark No. 118 on Readers’ Service Card 





The 


DESIGNER’S 
BOOK SHELF 


Principles of Metal Casting, by R. W. 
Heine and P. C. Rosenthal, both pro- 
fessors of mining and metallurgy at 
University of Wisconsin. Publisher — 
McGraw-Hill, Toronto 4. 639 pages. 


| The Greatest Name in | Price: $8.95. 

| A helpful guide to the best foundry 
Oh: =} Speed Reduction samme | practice, giving detailed methods for 
™ | successful pattern making, coring, sand 
STANDARD RADICON UNITS ‘saan * | conditioning, melting, pouring, clean- 
Sealcvedacionantekx. Sen S| ing and inspection. Presents informa- 
an] teats eink Sab 44P Ae a tion on the various types of cast irons, 
conti, Menuntel . , steels and alloys + + + treats their 
Se a eae =" chemical composition, structure and 
Re i ent atiCeay a properties . . . provides data on tensile, 
yield, shear and impact strengths, etc. 
Mechanical design engineers will find 
RADICON HELICAL WORM this book an assistance in all phases 
of the metal casting process. 300 

REDUCERS | . * «# 
Double reduction mod- 
els up to 250/1 ratio 
Horizontal and vertical 


Handbook of Practical Electro-plat- 
ing, by T. M. Rodgers, past president 
of American Electro-platers Society. 
Publisher — Brett-Macmillan Ltd., 
Galt, Ont. — 332 pages. Price: $8.50. 
| This is an encyclopedic type book, 

LITTLE RADICON GEAR MOTORS sa | with the topics iho shihchetaeally 
Up to 2 HP capacity. from abrasives to zirconium plating. 


models available. 


HORERee TekeeN ing shops as well as the theory of 


plating. Ideal reference for engineers 

whose training has been in other fields. 

| Each type of plating is described in 

| terms of its industrial uses, equip- 

HELICON GEARED MOTORS ment, operation and control. 301 
Up to 20 HP capacity * - * 


panne we eres & 2 ce | Covers al] the actual practices of plat- 


motors. Can be mounted 


in 8 different positions 


with CEMA D flanged . ane 
sae Rae sana” te taser | Other recent engineering publications: 


snaved pinio..s. Industrial Thermal Insulation, by A. 


C. Wilson of Owens-Corning Fiber- 


| glas Corporation. Publisher — Mc- 
VARICON aaa > | Graw-Hill, Toronto. 302 


Provides infinite range nye Riggs? | Applied Mathematics for Engineers 
of output speeds by SS , | and Physicists, by L. J. Pipes, Pub- 
turn of control knob. Sea ; lisher—McGraw-Hill, Toronto. 303 
Available up to 10 HP. ee ; : 
Higher HP on request. rs Theory and Design of Small Induc- 
tion Motors, by C. C. Veinott. Pub- 


BROADBENT CENTRIFUGAL lisher—McGraw-Hill, Toronto. 304 

CLUTCH COUPLINGS Tool Engineers Handbook, by F. W. 

Direct coupling model Wilson, under supervision of ASTE 

up to 40 HP available National Publications Committee. Pub- 
é Dist: heaieed dikes lisher—McGraw-Hill, Toronto. 305 

and V belt sheave 

models on request. 


Welding Nuclear Power Piping, by an 
AWS special committee. Publisher — 
Write for complete information: American Welding Society. 306 


oh Sree Seen a ae Handbook on Screw Machine Prod- 
DAVID BROWN (CANADA) LIMITED ucts. Publisher — National Screw 


Toronto: 1550 O'Connor Drive Phone PL. 7-365] Telex. 02-2518 Machine Products Association, Cleve- 
Montreal: 172 Clement St., Ville LaSalle Phone HU. 9-7293 Telex. 01-2511 land, Ohio. 307 
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Keeping 
informed 


New booklets and techni- 
cal data for you to read 
For your copy circle appropriate number 


on reader service card. 


Electric computing system — a catalogue 
sheet gives complete details of new 


RPC-4000. The McBee Company. 308 | 


Torque converters — full descriptions of 


14-in. to 16-in. models for industrial | 
power transmission applications. Cana- | 
dian Clark Ltd. 309 | 
Compressed air products — a color- | 


coded 24-page catalogue of the Wilker- 


son Company’s line. 310 | 


Molded packings — full details of an 
advanced form of V-type molded pack- 


ings. Greene, Tweed and Co. 311 | 
ASTM Standards — a 96-page book on | 
metal powders and metal powder prod- 


ucts; cross-indexed. $2.25. 312 


Recording Oscillograph — illustrated 16- | 
page brochure of unit for precise record- 
ing of static and dynamic data. Con- | 


solidated Electrodynamics. 313 
High performance cutters — Strasmann 
special cutting tools are fully described in 
this brochure. B.S.A. Tools. 314 


Conveyors lubricators — of the auto- | 
matic variety. An eight-page catalogue | 


expounds on fundamental improvements 


in design. J. N. Fauver Co. 315 | 


1960 SAE Handbook — with 18% of 
its technical reports either new or revised. 


SAE members get 903-page volume for | 


$3.50; non-members pay $20. 316 


Self-sealing fasteners — general cata- | 
logue 359A describes entire line of | 
high-pressure units. A. P. M. Corpor- | 


ation. 317 


Instruments catalogue — the 1960 ver- | 


sion of the Keithley Instruments line of 


electronic, biological and chemical meas- | 


urement control equipment. 318 


Drafting room equipment — describes | 


equipment that helps good men do better 


work. Hamilton Manufacturing. 319 | 
Precision current transformers — illus- | 


trated pamphlet on this equipment now 
available from Canadian Research Insti- 
tute. 320 
Jacks and lifting devices — automotive, 
aircraft, railroad, industrial and con- 
struction equipment covered in brochure 
by Midland Foundry. 321 
X-ray chart—Wall chart shows ten basic 
X-ray techniques used in industry and 
scientific research. Phillips Electronic In- 
struments. 322 
Heavy duty chain—Folder on newly de- 
veloped roller chain for use where the 


(Continued on page 70) 
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¢ Industrial Gases, Welding and 
Cutting Equipment and Supplies 
¢ Medical Gases, Equipment and Accessories 


FROM ONE SOURCE 





Whether your needs are industrial gases, 
oxy-acetylene and electric arc equipment or 
processes, accessories, supplies, or technical 
assistance — or all of these — Liquid Air 
can serve you. 


Shop with confidence. Call any of our 
branches, stores or authorized dealers any- 
where in Canada. 


INDUSTRIAL & MEDICAL GASES 

Oxygen — Industrial, Therapy & Medical « 
Acetylene « Argon e Nitrogen « Hydrogen e 
Nitrous Oxide « Cyclopropane « Medical 
Gas Mixtures. 


TIME- & MONEY-SAVING PROCESSES 


Oxy-acetylene Welding & Cutting « Ma- 
chine Shape Cutting « Electric Arc Welding 
e Argowelding « Aircomatic Welding « Bronze 
Welding e Hard Surfacing—Gas & Electric e 
Flame Conditioning « Flame Hardening e 
Scarfing. 


EQUIPMENT AND SUPPLIES 


Welding & Cutting Outfits « Straight Line 
& Shape Cutting Machines « Steel, Cast- 
Iron, Bronze & Aluminum Welding Rods e 
Silver Brazing Alloys « Mild Steel Elec- 
trodes « Arcaloy Stainless Steel and Atom 
Arc Low-Hydrogen Electrodes « Amsco 
Manganese Plate, Shapes and Hardfacing 
Alloys — Gas & Electric « Bronze Arc & 
Nickel Arc e Miller A.C. and Rectifier 
Welders ¢ Medical Equipment and Supplies: 
Oxygen Tents « Pipeline Outlet Equipmente 
Anaesthetic Machines and Oxygen Therapy 
Equipment e Mira Oxygen Analyzers, etc. 








Convenient Liquid Air installment plan 
terms are available for the purchase of 
all Liquid Air equipment. 











Canadian LIQUID AIR Company 


LIMITED 


St. John’s, Sydney, Halifax, Moncton, Bathurst, Saint John, Quebec, Sorel, 
Montreal, Thetford Mines, Sept Isles, Ottawa, Cornwall, Brockville, Toronto, 
Oakville, Hamilton, Niagara Falls, Waterloo, Brantford, London, Sarnia, 
Chatham, Windsor, Sudbury, Copper Cliff, Elliot Lake, Port Arthur, 
Winnipeg, Regina, Saskatoon, Edmonton, Calgary, Medicine Hat, Red Deer, 
Cranbrook, Vancouver, Victoria, Kitimat, Dawson Creek, Nanaimo. 
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Keeping informed continued 


@) ry Te) A complete line | 
available from local | going is rough. Atlas Chain & Mfg. Co. 
SPEED REDUCERS | 329 


stocks everywhere | V-belt drives—36 pages of information, 

& STOCK GEARS selection tables and specifications. T. B. 
| Wood’s Sons Co. 323 

| Fasteners—Nuts, screws and special weld 

These fin and fan cooled reducers fasteners, plus welding data. Ohio Nut & 

give up to 80% more capacity in Bolt Co. 324 

far less space. Over 100 models Grout failure—How to avoid failure by 

from 1/16 to 18 horsepower. using a non-shrink grout. 16 pages of 

Available with ‘‘C’” flange motor mixes, estimating tables, installation data. 

Master Builders Co., Ltd. 325 


P Series 


SEMI-COMPLETED 


| ege 
Non-Ventilated Models ‘{ Degasifier 





2’ dia. x 14’ high 


Single Worm Double Worm Bevel Gear Helical Gear 


Sg 
“isha! 
Spur Gears 














Tank grade California redwood 
or Tidewater red cypress, tank 
grade, With trays, as shown. 
Custom built in a wide range 
Helical Gears Fibre Gears Bevel Gears | of sizes. 

Write for full details to: 


Local Stocks In 50 Cities paar Fite Catalog j CANBAR INDUSTRIAL PLASTICS 


Gears & speed reducers avail- 
able for immediate delivery 
... see Yellow pages for name 
of your local distributor. 








A division of 
CANADA BARRELS & KEGS LTD. 
WATERLOO ¢ ONTARIO 


Provides complete 
dimensions and engineer- 
ing data on hundreds 

of off-the shelf items. 


Ohio also supplies ‘‘special’’ gears and speed reducers 


OHIO GEAR CO. 


1333 EAST 179th ST. * CLEVELAND 10, OHIO 
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literature just circle the proper 
number on the cards... 
complete and mail . .. we 
contact the companies for you 


and pay all the postage. 


There are three identical 
cards ... pass this copy on so 
your friends can order ma- 
terial of their choice, too. 


This service 
is FREE... 
make the best 
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Torrington 
offers every type 





Single-row 
tapered roller 
J 


Patterned for performance. a Two-row tapered roller, 


solid cone 


Torri ngton Tapered Roller Bearings : 


Two-row tapered roller, 


solid cup 


Torrington Tapered Roller Bearings are made to virtually every design 

pattern for your particular performance requirements. Steep angle, two-row 
There are single-row, double-row...four-row tapered roller bearings— a cae roller 

all in regular or steep angle design for radial and thrust loads—and conical Four-row tapered roller 

roller thrust bearings for heavy thrust loads. Each is designed for depend- 


2 
able service in its operation. Conical roller thrust 
Whether your application calls for a catalog bearing, or one custom- > 


built to your specifications, you can rely on Torrington for utmost precision 
of manufacture, quality material, advanced metallurgy ...and engineering 
experience based on the manufacture and application of every major type 
of anti-friction bearing. The Torrington Company, Limited, 925 Mill- 
wood Road, Toronto 2, Ont. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


TAPERED ROLLER + SPHERICAL ROLLER - CYLINDRICAL ROLLER © NEEDLE + BALL + NEEDLE ROLLERS + THRUST 


For further information mark No. 154 on Readers’ Service Card . 
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Reducing noise, vibration 




















Vibropads are a special corrugated neo- 
prene pad (oil resistant) for the elimin- 
ation of noise and vibration from high 
speed equipment. When placed under 
the equipment, no bolting down is re- 
quired since no “creeping” or “walking” 
will occur. Pads are available in sheets 
18 in. x 18 in. x % in. thick, with recom- 
mended loading of 50 Ibs. sq. in. They 
are easily cut with hand shears. Sug- 
gested applications — lathes; milling 
machines; printing presses; office ma- 
chines; air conditioning equipment; fans; 
transformers; motors; control panels. 
Vibron Limited. 330 


Manganese welding 


A low hydrogen, iron powder electrode 
has been developed by Lincoln Electric 
Co., of Canada Ltd. for welding 12 to 
14 per cent manganese steels. 

Called Mangjet the electrode is suit- 
able for building up manganese steel 
hardsurfacing deposits on either manga- 
nese or carbon steels and also for mak- 
ing joints between these metals. Elec- 
trode may be used on both ac and dc 
machines and is available in 5/32, 3/16 
and % in. sizes. 331 


Reverse phase voltage relay 


A type CP relay, used to detect reverse 
phase connections of transmission lines, 
transformers, generators or synchronous 
condensers is now available from Cana- 
dian Westinghouse Co., Ltd. 

The relay is described as a three-phase, 
contact making voltmeter. One set of 
relay contacts closes on three-phase over- 
voltage conditions while another set 
closes on three-phase undervoltage, loss 
of voltage, reverse phase connection or 
serious phase unbalance. Main contacts 
close 30 amps at 250 v dc, and carry this 
current for sufficient time to trip a cir- 
cuit breaker. 332 


Electronic auto-collimator 


An electronic auto-collimator capable of 
measuring the tilt of a reflective surface 
with respect to the auto-collimeter axis 
comes from Keuffel & Esser Co. 
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The new instrument is said to be ideal 
for checking flatness of surface plates, 
straightness of machine tool ways and 
run-out of precision bearings, and for 
monitoring drift of gyros. According to 
the company it reads angles directly to 
a sensitivity approaching 1/50 of a 
second. 333 


Heavy load chain 

A roller chain, designed to handle heavy 
loads in industries where extremely diffi- 
cult operating conditions are encountered, 
such as oil field rigs, construction, min- 
ing and quarry equipment, is a product 
of Atlas Chain & Manufacturing Co. 

It is called Atlas Offset Side Bar Roller 
Chain. Feature is that the chain is made 
up of a series of identical links held to- 
gether with cotter or rivetted pins. This 
makes removal or replacement of links 
a simple matter. 334 


Wound-wire porous metal 


A wound-wire porous metal, for both 
filtration and nonfiltration uses, is now 
available from Aviation Electric Ltd. 
Called Poroloy CS, it is wound by a 
high precision wire winding process into 
hollow cylinders or cones. Special 
shapes can be formed by cutting cylinders 
axially then opening and flattening them. 
The wound wires are bonded with 
silver or copper braze at all contact points 
in continuous, controlled atmosphere fur- 
naces. Brazing is followed with an elec- 
troless nickle plating in cases where a 
high corrosion resistance is needed. The 
standard product is designed for mildly 
corrosive conditions and temperatures up 
to 400 F. 335 


Toggle clamp 


A new plunger-type toggle clamp with 
a swivelling handle, for use where clear- 
ance requirements do not permit using 
conventionally designed clamps, has been 
added to the standard line of De-Sta-Co 
clamps. 

Designed for medium holding applica- 
tions, the new clamp, designated Model 
606, was developed by the Detroit Stamp- 
ing Co. The handle swivels in a 220- 
degree arc and can be fixed in any posi- 


tion within this arc by a lock-nut located 
on the axis of rotation. 


Single lug hose clamp 


A one-piece hose clamp for low pressure 
hose and tubing has been developed by 
the Circle Clamp Division of Cuyahoga 
Products Corp. It clamps permanently 
with only one squeeze of a simple tool, 
and is easily accessible wherever used. 
The clamp is a modification of the 
company’s standard circle clamps, is de- 
signed for wherever low pressure hose 
and tubing is used. It has one U-shaped 
locking lug instead of the usual two or 
three on standard circle clamps. The 
single lug results in greater setting speed 
on the assembly line. 337 


Resin in rod form 


Delrin acetal resin, a new thermoplastic 
material developed by duPont, is cur- 
rently being made available in extruded 
rods up to three inches in diameter by 
the United States Gasket Company, 
Plastics Division of The Garlock Pack- 
ing Company. The material has out- 
standing tensile strength, rigidity, fatigue 
life and resistance to creep and solvents 
at room and elevated temperatures. 338 


Portable x-ray unit 


A portable, industrial X-ray unit, that is 
said to provide high peneirating power 
and excellent radiographic definition, is 
now available from Phillips Electronic 
Instruments. 

Called the Norelco PG 300, the unit 
is completely self-contained. It is shock- 
proofed, rayproofed and weatherproofed 
for outdoor operation. Safety devices are 
incorporated to prevent overload on tube. 
Light weight of the tubehead, only 231 
lb, permits it to be hoisted to remote 
areas. 339 
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EXPAK“ION TYPES—for fast 
assembly in blind locations 
where there is access to one 
side only. Snap by hand in- 
to square holes. 


Which 
fo) Mm ial=s-1= 


FLAT TYPES—one piece. 
self-locking. Replace 
threaded nuts, lock washers 
and spanner washers, 


pears marr RINGS AND 

” CLIPS—for attaching 
slaatie knob-to-shaft 
assemblies. Faster perma- 
nent assembly is assured. 


PUSH-ONS-zip over un- 
threaded die-cast or plastic 
Studs, rivets, nails, tubing 
or wire to lock parts 
securely, 


“U" AND “S” CLIPS—for MODERN 
attaching metal, plastic or 
wood panels with a spring 
cushion. Eliminate holes in S , 


panels. 


“J” TYPES—snap over edge 
of panels or intocentre-hole 
locations. Hold themselves 
in place for blind assembly. 


an 


TUNING FASTENERS-—for 
better, faster mounting of 
radio coil forms. Hold core 
in position and provide ten- 
sion on adjustment screw. 


FASTENERS 


VAI meoteim Zelels 
costs”? 


(@/4% aa (-¥- 0) ate) s1- ko) am dal -J a0) 


— TYPES— perform same 
function as “J” types, used 
where full bearing on lower 
leg of the Speed Nut is 
required. 


certainly will!) 


Wc 


TUBULAR CLIPS—for use 
with unthreaded studs or 
rivets on attachments 
e@ where there is access to 
@ front side only. 
e 


DART-TYPE CLIPS—dart 
portion compresses as it is 
snapped into hole. springs 
back to retain itself in place, 
or to lock panels together. 


CABLE CLIPS—snap in place 
by hand and hold them- 
selves in position by “heel 
and toe.” Easily removed 
for servicing. 


SPEED GRIPS—snap easily 
into bolt-receiving position 
without use of special 
equipment or skills; pro- 
vide floating alignment. 


33-5815 


The profit-conscious manufacturer 
is cost-conscious too! 

Speed Nuts offer a tailor-made way to 
trim costs ... and often improve quality 
into the bargain. They bring fastening 
up to date, and reduce costly hand oper- 
ations to a minimum. 


DOMINION FASTENERS 


Exclusive TINNERMAN Canadian Licencee 


Speed Nut engineers will be glad to 
discuss your fastening problems and 
show how Speed Nuts can help you 
solve them. 

More than 8,000 sizes and types are 
available ...and if one of these won’t cut 
your costs, we'll design one that will. 


DOMINION FASTENERS LIMITED, Dept. A4 
HAMILTON, ONTARIO 
Sales Branches: Toronto, Montreal 


a Ges. A. Timmerman corporation 


Like most manufacturers, | want to get my production cost 
down. Please rush complete information on how Speed Nuts 


can help me. 
NAME 





COMPANY. 





ADDRESS 





WE MANUFACTURE 








For further information mark No. 122 on Readers’ Service Card 
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Custom 
Cold Roll and 
Brake Forming 


Accurate, economical cold roll 
forming may solve a problem 
for you. Let’s discuss it. 


CRESSWELL 


POMEROY 
LIMITED 


Head Office & Factory: Granby, Que. 


ST. JOHN’S @ HALIFAX @ QUEBEC CITY 
MONTREAL © TORONTO «© WINNIPEG 
EDMONTON e« VANCOUVER 
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We note with interest... 


New idea in photography from General 
Electric involves converting technical 
data or photographic images into elec- 
tronic signal, reducing these to intensity 
variations in a beam of electrons and 
playing the beam across a three-layered 
film. Negative pattern is achieved by 
melting of thermoplastic skin . . . One 
lever control for tractor gear shifting 
does away with bumps and grinds. Speedy 
shifting is the secret. Unfortunately, 
control is not effective on teen-agers... 
Giant machine looking like a mechanized 
cathedral arch packs down snow firm 
for use as an aircraft runway . . . Bridge 
design engineers are getting together as 
a technical group of the Canadian Good 
Roads Association. Prime purpose — to 
study common problems . . . An aquar- 
ium is to be built by the Calgary 
Brewing and Malting Co., Ltd., we hear. 
Fearing for the morals of the fish we 
made enquiries but have been assured 
that the tanks will be filled with water 
only . . . Displaying a voracious appetite 
for shale and limestone a 60-ton mechan- 
ical mole has eaten out a two mile tunnel 
beneath the Humber River, Toronto. 
Eleven feet in diameter, the big bore 
will serve as a trunk sewer . . . Bulbous 
stern, below the shaft line, built into a 
45,000 ton tanker is designed to improve 
flow of water around the circumference 
of the propeller . . . Canadian Westing- 
house has won a multi-million dollar 
contract to engineer and manufacture a 
nominal 25,000 kw gas-turbine generator. 
Engine will be the first ever built in 
Canada . . . Here’s a home that can be 
flown. Frame is aluminum tubing, cover- 
ing a double layer of Terylene taffeta 
that sandwiches insulation of fibreglass. 
It is weatherproofed with a polyurethane 
coating. Idea is good for surveyors, 
hunters and people who want to get away 
from it all... A Calgary company that 
developed a device for resetting bowling 
pin is suing two Toronto companies for 
patent infringement. Damages claimed— 
$500,000 . . . Did you know that ultra- 
sonics can drive rats from a ship, meas- 
ure fat on livestock and find fish in the 
sea? . . . People who hunt semiprecious 
stones as a hobby are called Rockhounds, 
their children — Pebblepups . . . Com- 
puting Devices of Canada Ltd., has been 
awarded a $4 million NATO contract for 
an aircraft navigation set it designed . . . 
“Railway Sinks Sub” makes a fine head- 
line but no secret weapons are involved. 
Model of the British nuclear-powered 
cargo submarine Moby Dick was dam- 


(Continued on page 78) 


Completely 
CANADIAN MADE 


~ GN PANEL 


MEASURING 


INSTRUMENTS | 


CG PORTABLE 
AND LABORATORY 
INSTRUMENTS 


G ELECTRONIC 


INSTRUMENTATION 


Only a complete Canadian 
instrumentation facility 
can offer the kind of . 
service Canadians nas 
Bach- Simpson: Ltd. i 

; complete - — in. research, 
design, tooling ‘and . 

pagnotecture: 

If our ender line ag: 
instruments, complete 

as it is, won’t meet your 
requirements, ask us to) 
demonstrate the un ve. 
combination of skills we 
can offer i in thew A of 


problem. =i 


Others ‘have, 


% aerate 


“Bach <> 


LIMITED 
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THE COMPACT CONTROLLER 


38 60 

Aysbuoberlosba, 
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BACH-SIMPSON 
Controller-Indicators 


offer sampling of pointer position at regular intervals, with positive 
contacting in the case of a shift of the measured quantity outside of 
preset limits. Contact pressure is produced by a solenoid, and is there- 
fore independent of meter torque. Circuits of the integral primary relays 
are actually closed by heavy motor-driven contacts, rather than by the 
pointer contact itself. 


Frequency, voltage, current, temperature — in fact, any quantity which 
can be indicated on a switchboard instrument — can be accurately and 
reliably limited or programmed, with simultaneous indication. A variety 
of sampling intervals and a wide range of contact arrangements are 
available, and slave units, as well as self-contained types for inde- 
pendent operation, ore standard. 


in addition, a full line of switchboard meters, compatibly styled and 
featuring the anti-parallax pointer and scale combination employed in 
the Controller-Indicators, makes possible a completely integrated panel 
design. 


The Bach-Simpson Frequency 8 re 4 oo 


Controller-Indicator received ty 
the 1.R.E. Award for ie most é 

outstanding new Canadian 

component exhibited at the im SOn 
1959 LR.E. Canadian Con- 

vention. LIMITED eo 





1255 BRYDGES STREET - LONDON, ONTARIO 
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* 
Briefs Continued from page 76 


Ss 


aged in transit on a Canadian railway 
. . . Coming soon — plastic or nylon 
bearings for automobile steering and 
front-end assemblies. Will save a lot of 
grease . . . Ontario’s Queen Elizabeth 
Way is to get another skyway. It will 
span the Welland Canal near St. Cath- 
arines . . . 14,400 gallons in a single 
tank car is a big haul. CNR did the 
job with a new colossus that may soon 
enter regular service if trans-Canada tests 
work out . . . Cost cutting is feature 


of space saving cellular steel floor that 
provides built-in air conditioning through 
expanded cells . . . A computer, well 
versed in the three R’s, is being rented 
by Canadian Oil to handle its credit 
cards. Machine not only reads but 
“writes” with punch cards, too. . . It’s 
made of two pieces of rigid polyethylene, 
a reamer, with spiral cutouts, and a 
pitcher. What is it? It’s a juice squeezer. 
Took a Toronto designer two years to 
perfect . . . Winner in a design com- 
petition for Winnipeg’s new city hall is 
the Winnipeg firm of architects Green, 
Biankstein, Russell and Associates .. . 
Car exhaust mufflers may soon be finish- 





WESTON 


OlL and FLUID SEALS 


NOW FROM STOCK 
at all RM branches 


SYNTHETIC 
RUBBER SEALS 


For original equipment or maintenance appli- 
cations of Weston seals, call R&M. 

Complete stocks of standard seals are carried 
at all R&M branches. Leather types from 4” 


to 20” 


1.D. Synthetic rubber types from 


5/16” to 12” 1.D. 
Your R&M representative will gladly discuss 


LEATHER 
SEALS 


ments 


with you technical details of Weston standard 
or special seals to fit your particular require- 
in relation to 


speed, temperatures, 


pressure and fluid to be sealed. 

Every Weston seal is individually packaged 
and protected from dirt and moisture by a 
polythene inner wrap. 


ROM BEARINGS CANADA LTD 


VANCOUVER WINNIPEG LONDON HAMILTON 


sfe) te), ire) 


MONTREAL THREE RIVERS QUEBEC CITY SEVEN ISLANDS 


For the new Weston catalogue No. 
W59, just off the press, write R&aM 
Bearings Canada Ltd., 1006 Mountain 
Street, Montreal. 
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ed with porcelain enamel. Replacements 
should be finished with, too, since 
ceramic material is resistant to acids, 
corrosive gases and moisture . . . Also 
new for automobiles is a carburetor air 
filter cartridge of urethane foam. They’re 
already installed on several 1960 models 
. . . For the outdoor man with an out- 
board: single-lever remote controi with 
moving parts of molded nylon. First of 
its kind to be made in Canada it’s called 
the Whitney Automatic . . . Two big 
vault doors have been installed in a new 
Bank of Montreal building. They are 10 
ft. high, 42 in. thick and weigh 33 tons 
each. And what will the burglars do 
now, poor things? . . . Congratulations 
to Ralph W. Diamond on becoming an 
honorary life member of the APE of 
B. C. .. . Sperry is building a “sea”. 
It measures 400 by 200 ft. and is 25 ft. 
deep. Idea is to test underwater detec- 
tion devices such as SONAR . . . Amer- 
ican Society of Tool Engineers will hold 
its Tool Show and Annual Convention 
at Detroit this year. Dates: April 21-28 
. .. Another show, the Corrosion Show, 
will be held March 14-18 at Dallas. At 
the same time there will be a conference 
of corrosion engineers . . . And still an- 
other: the Atomic Exposition and Nuclear 
Congress to be held April 4-7 at the New 
York Coliseum . . . Make a note, too, 
of May 23. That’s when the Design En- 
gineering Show opens in New York. And 
watch DE for all the details . . . Cana- 
dian Atomic Energy Conference in To- 
ronto recently was thrown open to the 
public. All praise to the committee who 
decided to do this. Too often affairs of 
public importance are made the private 
preserve of a particular group . . . Quick- 
er crops without conventional green- 
houses are promised with a polyethylene 
tunnel that can be set up in the field. 
Douple plastic sheets are stretched be- 
tween aluminum frames forming Quonset 
style sections. Tunnel is big enough for 
farmers to work under . . . Drivers look- 
ing for “no left turn” signs will be saved 
a lot of eyestrain if a new Canadian 
invention is introduced. Purple lights will 
indicate illegal turns . . . Canadian Curtis 
Wright plan to manufacture an air car 
in Canada this year, we see. Cost for a 
four-passenger model: $17,800. Even 
flying carpets come cheaper than that... 
New consultant company in the research 
field is M. Levy & Associates of Ottawa. 
Firm was formed by Dr. Maurice Levy, 
technical consultant to the Canadian Post 
Office . . . Brief Talepiece: What next 
we wonder? Now it’s nonalcoholic cham- 
pagne specially designed for teenagers 
and nondrinkers. Comes with all the 
trimmings, gold foil, wired cork, green 
bottle and all. But some dancing girls we 
know would be very hurt if we filled their 
slippers with anything but the real 
McCoy. * 
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DELIVERS INSTANT 
ACTION CONTROL 


Positive high-speed action assures efficient 
control for air clutches, brakes, power feeds 
and accurate circuit needs. Full flow capacity 
shortens machine cycle time for increased 
production, lower costs and greater safety. 
The new Airmatic S-3 Series Three-Way 
Pilot-Operated Valve is non-corrosive through- 
out, simple, compact and easily adapted to all 
types of pneumatic equipment. It operates 
without springs and by rotating the pilot head 
can be normally open or normally closed. 
All valve deliveries are made from stock. 























Specifications 
Pipe size. . . . . « © « Ya, ¥, 2, % and 1” NPT 
Media ... . Air, oil, water, chemical, vacuum, etc. 
Media temperature. . . .... +. + 0-300° 
BOY! a Ay elterise tetean vethenneese Cast Naval Bronze 
Seals . . . . . . » Oil Resistant Synthetic Rubber 
Pressure range ..... . « Oto 200 P.S.I. 








Write for our latest Catalog 


INT TN itetres 


Pneumatic Industrial Equip. Co., Ltd Air & Hydraulic Equip. Div., Power Press & Equip. Co 
2432 Kingston Rd Toronto 13, Ontario 1381 St. James St. W., Montreal 3, P.Q 
Morton Engineering, Ltd., 1340 Commercial Drive, Vancouver 6, B. C 
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THIS IS A RHEOSTAT 
4e) 6 i o7-\ ay -\ 4 ae £01 8); 
REPUTATION ON 


*Irving Mudrick, Ontario Sales Representative 
From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free control in the 25- to 
300-watt range—just specify a virroHM rheostat. 


You get smooth control: Close-laid turns (A) of special 
wire or ribbon insure smooth gradual resistance change from 
zero to maximum. 


You get reliability: virroHm rheostats are engineered for 
permanence from ceramic base and core (B) to durable ter- 
minals (C), to final long-lasting virronm bonding (D). 

You get positive action: Self-lubricating twin-shoe con- 
tacts—exclusive with W/L—on balanced contact arm (E) 
eliminate backlash, minimize wear, assure positive contact to 
collector. 

Check all the features in W/L Bulletin 60RR (and for 
ratings above 300 watts, check Bulletin 60A). Write Ward 
oe of Canada, Ltd., 1070 Birchmount Road, Toronto 16, 

nt. 


£2 WARD LEONARD 


1070 BIRCHMOUNT ROAD, TORONTO 16, ONTARIO. 


% H 





PReute-E vynccud — (ec) 
Contiols Since 1892 RESISTORS } RHEOSTATS : RELAYS } CONTROLS 
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Ideas round-up 





Solves blueprint blues 


How much money and patience goes into hand-letter- 
ing specifications and data onto blueprints? How much 
storage space do bulky blueprints occupy? If your com- 
pany uses blueprints at all extensively you probably 
know the answers. 

An American aircraft company faced up to the blue- 
print problem and came up with a system of separating 
the “picture” and the written data while keeping them 
under the same reference number. Production of the pic- 
ture print remains the same but all written information 
will now be documented in handy loose-leaf folders. 
Both sets of documents will be available in separate 
packages and users need draw only the information 
needed for a specific job. 

Changes in data, in themselves a time consuming 
item, are handled easily. In the new system they call 
simply for a replacement of a looseleaf page. For 
picture prints, changes will continue to be attached 
until it is economical to reprint the drawing. Source 
— Boeing Airplane Co. 340 


Bearing cages break safely 


Fastener switch makes money 


A change in fastener specifications has produced a 45 
percent reduction in costs in galvanized sheet assembly 
operations for the manufacturer. The company switched 
from 3/16 in. solid rivets to 3/16 in. Huckbolt fasten- 
ers for assembly of large diameter galvanized ducts, 
elbows and covers used in commercial and industrial 
painting systems. 

In the previous operation, using solid rivets, one man 
hammered while a second held a bucking bar behind 
each rivet. The new method permits one man to do the 
work alone. The fasteners are installed with light- 
-weight pneumatic power tools. Installation rate is about 
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New use for glass-filled nylon is in the manufacture of 
cages for thrust bearings. They can be made for either 
roller or ball bearings, in a wide range of sizes. 

Principal advantage of using this material is that 
tramp metal invading the bearing area imbeds itself in 
the plastic. This removes ordinarily loose metal particles 
from circulation, greatly reducing bearing abrasion and 
consequent wear of adjoining metal surfaces. Nor will 
there be metal particle entrainment if the bearing cage 
should fail. 

Other advantages are reduction of assembly time 
(the bearings are simply popped into molded cavities) 
and savings on material. The material is said to have 
excellent wear resistance and requires no lubrication. 
This should give savings in both maintenance and down- 
time. Source — Garlock Packing Co. 341 





double that possible with solid rivets. Source — Huck 
Mfg. Co. 342 
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FOR 
COMMERCIAL 


PRECISION 


BRITISH COLUMBIA— 
Arvis Engineering Limited, 
1105 Royal Ave., 
New Westminster, B.C. 


ALBERTA and SASKATCHEWAN— 
Petroleum Rubber Ltd. 
Box 4056. Edmonton, Alta. 


MANITOBA— 
Bearing Supply & Service 
Company, Limited, 
472 Notre Dame Ave., 
Winnipeg, Man. 
NORTHERN ONTARIO— 


es ms Heath & Sherwood Ltd., 
a Kirkland Lake, Ont. 


grey SOUTHERN ONTARIO— 
Thompson & Gordon Ltd., 
Gaskets 12 Ferguson Ave., North, 
and 3 

Beikavcs Hamilton, Ont. 

QUEBEC and EASTERN CANADA— 
Precision Rubber Products 
(Canada) Ltd., 
Ste. Thérése de Blainville, 
Québec. 


engineers 

help solve 
your sealing 
problems with 

Precision 





5 . oe) 
recision Rubber Products 
mum: (CANADA) LTD. «oc 
“O” Ring and Dyna-seal Specialists 


Toronto, Ont.« Ste. Thérese de Blainville, Québec 
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This complex Automation Equipment, engineered and built by Standard- 
Modern Tools Ltd., utilizes a Hammond fabricated Control Cabinet. 


Con HAMMOND 


- - - at the design stage on 


ELECTRONIC-ELECTRICAL 
CABINETRY and METAL WORK 


A Hammond built control console in 
use at Atomic Energy of Canada, 
Chalk River. 
Hammond is equipped to produce intricate cab- 
inetry and metal work related to the nucleonic, 
electronic and electrical industry. 
The factory will be pleased to discuss your re- 
quirements on production runs, production 
prototypes or single units, and suggests that 
enquiries should originate at design level 
wherever possible. 
A WIDE RANGE OF STANDARD CABINETS, PANELS 
AND CHASSIS STOCKED BY JOBBERS COAST TO COAST 


| HAMMOND MANUFACTURING COMPANY LIMITED 


H/12 Guelph ¢ Ontario ¢ Canada 
For further information mark No. 126 on Readers’ Service Card 
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W K AT FEATURES DO YOU NEED IN 
HYDRAULIC & PNEUMATIC COMPONENTS? 

offers MORE OUTSTANDING FEATURES For LESS Down Time with... 

EXIVI' MACHINES AND COMPONENTS FROM THE LEADERS IN THE FIELD... 


HANNIFIN CYLINDERS CROWN AIR LINE FILTER- HANNIFIN VALVES 
REGULATOR-LUBRICATOR 4 WAY-SERIES C & CC 








Designed’ to 


ensure a ‘NO oi% 
LEAK PACK- : ,. 
‘ Faced , . 

| AGE'—Hanni- 5S 4 i f i t 
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Hannifin valves 
j stress simple com- 
pact design with a 


j 
fin Jewel as- i choice of 18 actua- 

tors and bases. The 
we et effective and inte- 
ROD. Straight “ gral speed control 


thread ‘‘O"' 


ring seal as- - , me . see 
venient. Hannifin 


section is both in- t 

: t 

sures NO valves offer Hi f 
t 

t 


expensive and con- 


LEAK PORTS. speed operation 
A complete line for every needed combination. with maximum flow; 


Crown filters save expensive equipment. Avail- fully meet J.1.C. recommendations and all 
able in pipe sizes Y%4"” to 1” Crown filters valves CAN BE SERVICED WITHOUT BREAK- 
offer Hi-flow capacity, repetitive accuracy at ING PIPING CONNECTIONS. 

any setting, and they are tamperproof. 


Hannifin fea- 
tures also include: Induction-hardened and 
chrome plated rods with true bored and 


straight honed cylinders. 

















Complete information and brochures on request. 


swt SALES COMPANY LIMITED 
579 EGLINTON AVE. W., TORONTO, ONTARIO 
HUdson 1-3371 


MONTREAL TORONTO * WINDSOR 
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TO OUR READERS! 


There may be articles or advertisements in 
this issue of DESIGN ENGINEERING of par- 

The Aristocrat of || ticular interest to business associates of 
® Aluminum Bronzes yours who are not already receiving our 


publication. 
Manufactured in Canada and distributed by LICENSEES 


CANADIAN BRONZE COMPANY, LIMITED || Just fill in the space below and return — 


, . 
we'll send a complimentary copy. 
Divisions P Y PY 
Montreal Bronze, Limited Northwestern Brass, Limited 
999 Delorimier Avenue 13 Bury Street 


P.O. Box 1080 inni ; 
ied: hen. ae, Se DESIGN ENGINEERING, 481 University Ave., Toronto, Ont. 


St. Thomas Bronze Company Limited 
Suite 630-631 
Montreal Trust Building 
67 Yonge Street 
Toronto 1, Ontario 


Winnipeg Brass, Limited Northwestern Brass, Limited 
600 Clifton Street 1609 24th Avenue East 
Winnipeg, Manitoba Calgary, Alberta 
BROCHURES ON REQUEST MARCH — 1960 
For further information mark No. 112 on Readers’ Service Card 
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/ | with all-nen, high 
‘offi iciency regulator! 


ALEMITE 
AIRLINE CONTROLS 


Complete “Tri-Duty” package assures & 


cleanest, driest, best-regulated 
airline lubrication! 


& Automatic Water Separator. Removes all of con- 
densate, all the time. Traps dirt particles to prevent 
damage to sensitive airline devices. Handles all air- 
line pressure up to 200 PSI and flow volume from 
5 to 50 CFM. Easily accessible filter unscrews by hand 
for simplest possible cleaning ... just one piece... 
no tools required. 


@ new Air Regulator with Gauge. Assures accu- 
rately controlled air—prevents erratic operation and 
damage to equipment. Design permits inlet pressures 
of 250 PSI—adjustments up to 125 PSI. Excess air 
pressure “bleeds off” within regulator, instantly. 


© Automatic Airline Lubricator. Compensating ball 
valve design gives uniform mixture regardless of air 
pressure and volume. Oil and air mixture propor- 
tionately constant. Reservoir easily filled at any time 
during operation. Nine-ounce capacity. 


Ideal for air tools, air cylinders, air motors, and 
many other types of air-operated equipment! 


Write for catalog today! 


ALEMITE 


Oivis tG:-n 


-STEWART- WARNER | 


Excellence] CORPORATION 


Belleville, Ontario 
For further information mark No. 150 on Readers’ Service Card 
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Build your own 
equipment 
with 


SLOTTED 
ANGLES 











an all-purpose range of 4 SIZES 
in steel or aluminum 


DEXION 112 Midget Size The angle 
for jobs where great load-bearing capacity 
is not required. 


DEXION 140 Light Duty The equal- 
flanged DEXION angle for light-duty 
purposes. For use alone, or combined with 
DEXION 225 and 300. 


DEXION 225 Standard The all-purpose 
DEXION angle. Combines with DEXION 140 
and 300 to solve every equipment problem. 


DEXION 300 Heavy Duty The super- 
rugged angle for use wherever great loads 
or accidental shock loads must be provided 
for. Combines with DEXION 225 and 140. 











Send this coupon today! 


© PALLET RACKING 
* CONVEYORS 
© FRAMEWORK - 


_-© WORK BENCHES 
-© TABLES 


© STORAGE RACKS 


“PARTITIONS 
_ © DISPLAY STANDS 


_ PLATFORMS. 
e MACHINE GUARDS 
» DOLLIES 


p} © SHELVING 
. © CHUTES 


e STAIRWAYS 


© CATWALKS 


© SPECIAL 
EQUIPMENT 


DEX ION ccanaDa) trtTp. 
114 CLAYSON RD. WESTON, ONT. 


[] Please send free DEXION handbook. 
(_| Please have representative call 


NAME___ 





COMPANY 





ADDRESS __ 








For further information mark No. 121 on Readers’ Service Card 











iu Cw 
“THERE jp nner we SUCH 


7 ANIMAL” 


Its name is Extrudus Aluminus 
and it is indigenous to our extruding 
mills. Funny thing about this aluminum 
creature is that it can change its size 
and shape to suit your needs. 
All you do is describe the nature 
of the beast... our design engineers 
will do the rest with efficiency and 


economy. 


"WERILER. ALUMINUM 


R. D. WERNER CO. (CANADA) LIMITED 
OSHAWA ONTARIO 


“ALUMINUM EXTRUSIONS FOR PRODUCTS OF BETTER DESIGN" 
For further information mark No. 163 on Readers’ Service Card 
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<a a | WICTOR Steel Core 
ee Packings Fill Every Specification 
: : "= SAMPLES SENT FREE 


hes Fats f 


Worm Screw action. 


Stainless steel. One 


iS) 


piece construction. 


THICKNESS 


od By ‘ LOCKED-FOR-LIFE 


construction. Steel core 
CLAMP DIAMETER and packing layers are 
_. mechanically and chem- 
* ically bonded by means of 
formed tang projections 
on both faces of core. 


Any diameter to 6’. 


00000 00 000000 


~~ 
ro 


You get completely unbiased, economical recommendations 
from Victor on steel core packing for heavy-duty sealing. 
Victor supplies all standard types plus virtually unlimited 
modifications in materials and structures. Typical standard 
types are: 


Seal-tife 


« « « one clamp with 
a thousand applications 


Adjustable Seal-tite clamps have been used successfully in 
countless Canadian products. These one-piece units meet the 


VICTOCOR-— Synthetic rubber 
asbestos sheet packing on both 
faces. 3 basic types. 


FERROPAC — Treated paper 
packing on both faces. 


FERROPRENE — Compressed 
asbestos sheet packing, one face; 


compounded synthetic rubber on 
the other face. 
CORBESTOS-—General-pur- 
pose, beater-treated asbestos sheet 
packing. 6 standard structures. 
CORPAC — Synthetic rubber- 
asbestos sheet on both faces. 3 
basic types. 


Victor steel core packings cover the complete range of applica- 
tion flange pressures and temperatures on water, steam, oil, 
grease, gasoline and antifreeze. Free samples and technical 
data supplied. Please state proposed application. 


VICTOR MFG. & GASKET CO. of Canada Ltd. 
Victor Dr. & Chester St., St. Thomas, Ont. 


In the U. S.: 
Victor Mfg. & Gasket Co., Chicago 90, Ill. 


most rigid engineering specifications. They are precision- 
made from durable stainless steel. The easy worm screw 
action makes fastening quick and secure. Seal-tite clamps are 
economical and quickly delivered . . . they’re made in Canada. 
If you have a clamping problem let Seal-tite solve it. 
For more information write: 


HAMILTON CLAMP & STAMPINGS LIMITED a 
150 Chatham Street HAMILTON, Ontario GASKETS * PACKINGS © OIL SEALS * MECHANICAL SEALS 


For further information mark No. 125 on Readers’ Service Card For further information mark No. 158 on Readers’ Service Card 
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PRECISION 
GLASS 
MOULDERS 
FOR 

25 YEARS 




















The 
ENGLISH 
GLASS CO. LTD. 


EMPIRE ROAD 
LEICESTER 
ENGLAND 














For further information mark No. 124 on Readers’ Service Card 





Mastergauge alone brings you 
“Conoweld”’ leakproof, one-piece 
tube and socket; sturdier Marsh- 
alloy case; precision mastergauge 
movement; stainless tube and 
socket when required. 
Mastergauge is standard bearer for the 
broad line of Marsh Gauges for every service. 


MARSH INSTRUMENT COMPANY 
Division of Colorado Oil and Gas Corp. 
Dept. 46 Skokie, Illinois 
Marsh Instrument & Valve Co., (Canada) Ltd. 
8407 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell St. 

Sect. 15, Houston, Texas 





For further information mark No. 133 on Readers’ Service Card 
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developed a Special fastener 
costing 
60%less than 


the 2 pieces 
it replaced! 


The machined part 
(bottom right) was used 
with a washer in a damper 
assembly. The fastener 
(top right), cold headed 
by Stelco, combined the 
functions of both parts, 
gave greater stability and 
improved fit while costing 
only 40% of the price of 
the two pieces it replaced. 


For further information 
about standard or special 
fasteners contact any 
Stelco Sales Office. Also, 
ask for Stelco’s quarterly 
bulletin on fastener 
developments ‘‘ Bits and 
Pieces”. 


bj 3 
vj Mr. F. I. Baine represents 
Stelco in the Montreal area. 
He is one of a group of representatives 
specially trained to bring personal 
i interest and expert attention to your 
YEARS OF PROGRESS needs in special fasteners. 


1910-1969 


THE STEEL COMPANY OF CANADA, LIMITED 


Executive Offices: Hamilton and Montreal 


| Sales Offices: Halifax, Saint John, Montreal, Ottawa, Toronto, Hamilton, 


London, Windsor, Winnipeg, Edmonton, Calgary, Vancouver. 


59382.C J. C. Pratt & Co. Limited, St. John's, Newfoundland. 


For further information mark No. 149 on Readers’ Service Card 
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FOR QUALITY AND ECONOMY IN 
PRODUCTION 
ROjW ast 


Centrifugal Bronze Bars or 
Precision Finished Bronze Bushings 


ROTO-CAST 


The high quality castings resulting from the advanced 
ROTO-CAST process offers Industry a bronze bar as 
perfect as metal can be—no hard sports, no sand or gas 
inclusions, no shrinkage cracks—dense, fine-grain struc- 
ture throughout. Cut scrap loss 15% to 50%—40% to 
60% longer wear. 


Write for our stock and weight list. 


THE CANADA METAL COMPANY LIMITED 
721 EASTERN AVE., TORONTO 8 HO. 5-4684 
Contact our nearest Branch 
MONTREAL SCARBOROUGH WINNIPEG CALGARY VANCOUVER 








hundreds of = 


design problems in fastening! 


Answers to 


The new Simmons Fastener Catalog +1257 has all the 
facts you need to know about the famous SPRING-LOCK, 
LINK-LOCK. QUICK-LOCK, ROTO-LOCK, DUAL- 
LOCK, and HINGE-LOCK. 


44 pages of important data with complete specifications, 
engineering drawings, installation details, numerous appli- 
cations and instructions for ordering. 


SEND TODAY for your FREE copy 


‘ 


| SIMMONS FASTENERS 
 Quick-Lock - Spring-Lock - Roto-Lock - Link-Lock - Dual-Lock - Hinge-Lock 


— SIMMONS FASTENER CORPORATION 
1776 North Broadway, Albany 1, N. Y. i 








For further information mark No. 146 on Readers’ Service Card 
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Cambridge WOVEN WIRE CONVEYER BELTS 
INCREASE PRODUCTION and UNIFORMITY 
REDUCE HANDLING and PROCESSING COSTS 


No matter what you're process- 
ing . . . food products, chemi- 
cals, metal parts, plastic, cer- 
amics, glass . . . wet or dry 
. sub-zero or 2100° F... 
there is a Cambridge Woven 
Wire Conveyor Belt to fill the 
job. 
Uniform, continuous construc- 
tion minimizes wear, weakening 
and costly shut downs. Write 
today for information about 
Wire Cloth, Metal Conveyor 
Belts and Special Metal Fabri- 
cations. 


R. D. TRAVERS Company 


12 Freeman Place Hamilton Ontario 
Sales Engineers and Manufacturers Agents Representing: 
@ CAMBRIDGE WIRE BELTS AND SLINGS 
@ THOMAS FLEXIBLE COUPLINGS 
@ W-L MOLDED NYLON BEARINGS 
@ HANKISON COMPRESSED AIR DRYERS 
= 
e 
s 
* 


“Write 


CONDERSITE PULLEY LAGGING for 


ARENS REMOTE MECHANICAL CONTROLS 

LINDSAY STRUCTURE ask about Wire Belts 

MECHANICAL RUBBER PRODUCTS erceceereeececeeeece 
For further information mark No. 155 on Readers’ Service Card 


information — 











Gofts SHAFT MOUNTED 
GEAR REDUCERS 


POWERS UP TO 120 H.P. weeks 
AT SPEEDS 8 TO 425 R.P.M. =. 


Direct mounting 
on the driven shaft 


No alignment 
probiems 


No slide rails 
No flexible couplings 
No baseplates 


No supporting 
structure 





Ask for Publication 


CANADA LTD. 


2185 MADISON AVE. 25 JUTLAND RD. 


MONTREAL. TORONTO. 


For further information mark No. 120 on Readers’ Service Card 
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148 
149 
150 
151 


152 
153 
154 
155 


105 
156 


157 
158 
165 


159 
160 
161 
162 
163 
164 


No. 


Airmatic Valve Inc. 
Anaconda American Brass Ltd. 
Auto-Ponents Inc. 


Bach-Simpson Ltd. 
Bakelite Co., Division Union Carbide Canada ia 
Bellows-Valvair Ltd. 


Canada Barrels & Kegs Ltd. 
Canada Metal Co. Ltd., The 
Canada Wire & Cable Co. 
Canadian Allis-Chalmers Ltd. 
Canadian Bronze Co. Ltd. 
Canadian Chemical Co. Ltd. 
Canadian Liquid Air Co. Ltd. 
Canadian Steel Foundries Ltd. 
Clearprint Paper Co. 
Corning Glass Works 

Crane Packing Co. Ltd. 
Cresswell Pomeroy Ltd. 
Crofts Canada Ltd. 


PTO TeV Tul COR TST Pc) V1 0 7c Ag aS ee ne 
Dominion Fasteners Ltd. 
Du Pont of Canada Ltd. 


English Glass Co. Ltd. 


Hamilton Clamp & Stampings Ltd. .............. 
Hammond Manufacturing Co. Ltd. 

Handy & Harman of Canada Ltd. 

Holman Bros. (Canada) Ltd. 

Honeywell Controls Ltd. 


Imperial Brass Mfg. Co. (Canada) Ltd. 
International Nickel Co. of Canada Ltd. 


Link-Belt Ltd. 


Marsh Instrument Co. Div. of Colorado Oil & Gas 
Corp. 

Marsland Engineering Ltd. 

McBee Co. Ltd., The 

Miniature Precision Bearings Inc. 

Minnesota Mining & Mfg. of Canada Ltd. 


Noranda Copper & Brass Ltd. 
Northern Electric Co. Ltd. 


R & M Bearings Canada Ltd. 
Rockwell-Standard Corp. 
Rohm & Haas Co. of Canada Ltd. 


Simmons Fasteners Corp. 

Southco Div. of South Chester Corp. 
Steel Co. of Canada Ltd. 

Steel Co. of Canada Ltd. 
Stewart-Warner Corp.—Alemite Div. 
Strippit Tool & Machine Co. 


TEM Sales Co. Ltd. 
Timken Roller Bearing Co. 
Torrington Co. er The 
Travers Co. R. D. 


Union Carbide Canada Ltd. 
United Steel Corp. Ltd. 


Vickers-Sperry of Canada Ltd. 
Victor Mfg. & Gasket Co. of Canada Ltd. 
Victor Mfg. & Gasket Co. of Canada Ltd. 


Wagner Electric—Div. of Sangamo Co. Ltd. 
Wallace Barnes Co. Ltd., The 

Ward Leonard of Canada Ltd. 

Weatherhead Co. of Canada Ltd. 

Werner Co. (Canada) Ltd. R. D 

Western Copper Mills Ltd. 
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™ AUTOMATION 


BELLWOOD, iL. U S.A 








Arbor press converted to high 
production power press, using 
double end cylinder, Time 
Delay Switch, Flow Control 
Valves, and related equip- 
ment, Flow Valves permit 
independent ram speed ad- 
justment in both directions. 
Differential pressure between 
“A” and “B’ gages caused 
by throttling effect of Flow 
Control Valve creates time 
interval in working pressure 
build-up, which is compen- 
sated for by Time Delay 
Switch setting. This insures 
consistently accurate working 
Pressure on the ram. 





TIME DELAY 
SWITCH 


FOR CONTROLLED TIME 
DWELL OF AIR OR 
HYDRAULIC CYLINDERS 


*® Holds dwell accurately tu 
fraction of second 

* Automatically re-sets 

* Designed for millions of 
actuations 


Pneu-Trol Time Delay 
Switch will hold any cylinder 
controlled motion or opera- 
tion at a positive stop on 
either end of the stroke for 
Y% to 60 seconds in 20 to 1 
ratios. Simple, easy to adjust. 
Automatically re-sets after 
each actuation. Positive, con- 
trolled time dwell permits 
wider use of air or hydraulic 
power in automatic opera- 
tions, increases accuracy of 
work by insuring split-second 
accuracy of time dwell. 
Available with many thrust 
linkages for left and right, 
down, up, or horizontal 
thrust. Write for Special 
Bulletin TDS-59 


2953 GRANT STREET 
IBELLWOOD (Chicago Suburb) ILLINOIS 


For further information mark No. 103 on Readers’ Service Card 








FREE ane Sheet 


Today’s most useful lil material 
for automotive and industrial sealing 


VICTOPAC is the proven economical specification for seal- 
ing hot and cold water... steam...vapor...oil... 
combustion engine fuels, lubricants and coolants. It is 
designed for high fluid and heavy flange pressures. 

This Victor-developed long-fiber asbestos and synthetic 
rubber composition is compressed and bonded under 
heat. It is completely homogeneous and amazingly tough. 
VICTOPAC is available in all standard thicknesses from 
1% to 14 in. Conforms to SAE-ASTM specifications. 

YOU’LL MAKE NO MISTAKE in testing VICTOPAC. 
Write for free sample sheet, technical data and prices. 
Please state thickness required and proposed application. 


VICTOR MFG. & GASKET CO. of Canada Ltd. 
‘ | Victor Dr. & Chester St., St. Thomas, Ont. 


In the U. S.: 
Victor Mfg. & Gasket Co., Chicago 90, Ill. 


GASKETS * PACKINGS ¢ OIL SEALS * MECHANICAL SEALS 
For further information mark No. 165 on Readers’ Service Card 





Editorial 





Promote Canada 
by using 
copper and brass 
... did to the 


designer is available 


for the asking 


CCBDA’s Wardell and editor 


Copper was the first metal used by man, according to historians. He found 
it on the surface of the earth, refined by the workings of nature, as far 
back as the Stone Age, around 13,000 B.C. 

He was no doubt impressed by the ease with which he could work this 
“new” material a knife or axe could be fashioned without the produc- 
tion difficulties he was experiencing with stone. 

In Canada, it is recorded that copper was first discovered at Cape 
d’Or, Nova Scotia, in 1604 by an exploration party under Champlain. 
That is, it was first discovered then by the white man, for Eskimos and 
Indians are known to have used and traded copper instruments long 
before that. 

Copper mining commenced in Canada about 1847 at the Bruce Mine 
in the Algoma district. Statistics on copper production were first kept in 
1886, and in that year 1752 tons were made. 

Stepping forward to the present, we find that Canada ranks fourth 
among the free world’s copper producing countries. Average production 
for 1958-9 totaled 350,000 tons. 

Canada does not approach the point where all the copper it produces 
is used within its borders, and therefore exports large tonnages to various 
parts of the world. This does not mean that Canadians are not heavy users, 
for in fact, about 40% of Canada’s production is consumed by domestic 
manufacturing plants and foundries. But the percentage could—and should 
—be much higher. 

Ray Wardell, manager of the Canadian Copper & Brass Development 
Association, in speaking recently to the JC’s at Oshawa, Ontario, said, 
“The Canadian copper and brass industry looks to the future with con- 
fidence, being assured of continuing ample supplies for its mills and foun- 
dries.” But what of the applications? What of the users? Without custom- 
ers, what will the basic producers do? 

The answer is in the hands—and creative abilities—of the Canadian 
designers. 

Some materials, such as concrete, lend themselves to only one basic 
application and production method. Other materials, and copper is the 
prime example, are more versatile. This versatility permits its use in many 
forms, from pure copper to complex alloys, from sheet to wire, from 
electrical conductor to decorative jewelry. 

The Canadian Copper & Brass Development Association, now just a 
little over one year old, has already established itself as a major contrib- 
utor to the Canadian way of life. The Association provides the machinery 
for a united effort by its members—an effort aimed in part, to assist the 
design engineer. 

Indeed, one of the major functions of the Association is to provide 
technical assistance on problems of design, manufacture and fabrication. 
Whether one or a million pounds of copper is involved, we are certain the 
CCBDA is still interested in the successful conclusion of any project. Since 
the Association is a member of the international associations, no problem 
is ever too big, or too small, to be handled. 

Copper has many basic advantages, as exemplified by the articles in 
the earlier pages of this publication, including electrical conductivity, ther- 
mal conductivity, resistance to corrosion, ease of fabrication and attractive 
finishing possibilities. 

Canada has an adequate supply of copper. 

CCBDA has the technical know-how. 

The future of Canadian copper is in the hands of the designers. 
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for the answer to your 


When heating and cooling coils were required for 
air conditioning units in the Navy’s destroyer 
escorts, specifications were rigid. 


For example, tubes had to have superior resistance 
to corrosion, particularly from sait brine. It was 
necessary to minimize the danger, through leakage, 
to vital electronic equipment. Every precaution 
had to be taken against the possibility of repairs 
in hard-to-reach, cramped quarters. 


Air Coils Mfg. Co. Ltd. was awarded the contract. 
Anaconda supplied the chosen metal—cupro- 
nickel. In the photograph, Mr. E. G. Pullen 
(left) President, Air Coils Mfg. Co. Ltd., Mr. 
H. S. Litchfield (right) Vice President in charge 
of Design and Operations and Mr. W.C. Farrow 


CANADIAN 
AS THE 
MAPLE LEAF 


metal problems 


(centre) Anaconda Sales Representative, examine 
blueprints for one of the installations. 


Here is another example of how Anaconda co- 
operates with Canadian industry in the solution of 
production problems through the application of 
copper and its alloys. 


* 


C-5940 


*Trade Mark Reg’d 


For general information on Anaconda Copper and Copper Alloys, 


write for publication B-32. 


Anaconda American Brass Limited, 
New Toronto (Toronto 14), Ont., Dept. pe-2 


Name 





Address 
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How Jeffrey mounts new GT Idler Axles 
and Rolls to cut conveying costs 


















































In designing their new GT belt conveyor idler spe- 
cifically for the grain industry, Jeffrey Manufacturing 
Company Limited aimed to provide all the extra 
trouble-free and long life benefits of modern all-steel 
idlers. To assure this steady, smooth, low-cost opera- 
tion, Jeffrey equips the GT’s return idler axles, flat 
carrying idler axles and concentrator rolls with 























Timken® tapered roller bearings (shown above). 

Timken bearings assure better machine performance, 
longer bearing life with minimum maintenance because: 
1) They hold shafts concentric with housings, making 
closures more effective in keeping lubricant in, dirt out. 
2) The tapered construction of Timken bearings lets 
them take radial and thrust loads in amy combination. 


BETTER-NESS rolls on 


TIMKEN 


REGISTERED TRADE-MARK 
tapered roller bearings 





On-the-Spot Engineering Service. 
Our graduate engineer salesmen 
can often solve your bearing prob- 
lems that fast, save you time and 
money. 


We do the World’s most Accurate 
Surface Measuring—to a micro- 
inch—with this profilograph, find 
ways to make Timken bearings 
smoother, quieter. 


The Timken Roller Bearing Com- 
pany, Canton 6, Ohio, U.S.A. Cable 
address: “‘TIMROSCO’”’. CANADIAN 
PLANT: St. Thomas, Ontario. Makers 
of Tapered Roller Bearings, Fine Alloy 
Steels and Removable Rock Bits. 


For further information mark No. 153 on Readers’ Service Card 









































